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The overall goal of the swine industry should be the maximization of quality, 
I 
saleable lean per unit of input. Advancement of this goal entails a large num&r of 
reproductive, growth and carcass traits, involving improvements in both geneijc and 
! 
non-genetic factors. The performance of a herd can only attain the level of th~t 
i 
which is most limiting, either management or genetics. Management can result in 
rapid, but temporary progress. However, genetic improvement through selection is 
I 
I 
the only method to make permanent changes in a population. 
Genetic improvements can be realized by two methods: selection and 
crossbreeding. Advancement within a line can only be accomplished by selection for 
! 
the desired objective. The production of terminal offspring through the org~ed 
crossing of specialized lines takes advantage of heterosis or 'hybrid vigor' and allows 
I 
. i 
breeds to compliment each other based on the strong points of each line or breed. 
I 
Specialized terminal or paternal lines should excel in postweaning traits such 
I 
as growth, efficiency and carcass quality. In a terminal crossbreeding progr8*i the 
paternal line will contribute one-half of the genetic merit for postweaning trai~, but 
does not contribute to reproductive traits since all offspring by terminal sires Jre 
sold. Therefore, the breeding objective for terminal lines should be increased 1lan 
I 
growth and improved efficiency oflean growth. 
Single-trait selection for growth and carcass traits has shown positive 
response in experimental lines of pigs. Selection for increased weight at a coitant 
age (Krider et al., 1946; Kuhlers and Jungst, 1990; Kuhlers and Jungst, 1991ib) 
1 
2 
and for rapid postweaning gain (Rahnefeld, 1971; Fredeen and Mikami, 1986e; 
Woltmann et al., 1992) have been successful. Realized heritability estimates for 
gain or weight at a constant age ranged from .13 to .38. However, correlated 
response in one or more traits of importance is often unfavorable. The breeding 
objective is not improved as rapidly as possible with unfavorable response in some 
traits, therefore alternative selection methods for postweaning traits are of interest. 
The traditional alternative to single-trait selection is an economic index that 
combines two or more traits into a sinde measurement. Estimates of heritabilities, 
phenotypic and genetic variances, phenotypic and genetic covariances and relative 
economic values for traits of interest are required for development of an economic 
index. The quality or realized response of the index is dependent on the accuracy of 
the estimates used. 
Positive response to index selection has been reported in a number of studies. 
An index containing only gain and backf'at resulted in progress for both traits 
(Vangen, 1974; Sather and Fredeen, 1977; Ollivier, 1980; Cleveland et al., 1982; 
McKay, 1990). Selection using this index generally resulted in improvements in 
lean growth rate and efficiency oflean growth. Selection on an index containing 
gain, backfat and feed conversion resulted in improvements in efficiency and 
backf'at, but not growth rate (McPhee, 1981; Henderson et al., 1982). The 
improvements realized from selecting on this index were mainly the result of 
decreased appetite. 
Fowler et al. (1976) proposed a more direct, biological model, as a method of 
selection for the postweaning breeding objective. The biological objectives or traits 
defined were lean tissue growth rate (LTGR) and lean tissue feed conversion 
(LTFC). Selection under an ad libitum nutritional environment allows intake to 
vary, thus genetic improvement in gain may be the result of correlated increases in 
appetite (Smith and Fowler, 1978). Selection for increased growth under an 
environment that removes intake variation would favor those animals that most 
rapidly and efficiently deposit lean. This is because about three units oflean tissue 
can be produced at the same energetic cost as one unit of fat tissue (Fowler et al., 
1976). Webb and Curran (1986) discussed how goals related to selection for lean 
growth rate can be better achieved with an improved understanding of the 
relationship between feed intake and lean tissue growth under different feeding 
levels. 
3 
The realized heritability of gain in lines of mice that were selected under an 
environment in which intake variation was decreased or removed was similar to 
estimates in lines selected under ad libitum intake (McPhee et al., 1980; Hetzel and 
Nicholas, 1982; McPhee and Trappett, 1987). A line of mice selected for increased 
growth on ad libitum feeding grew faster, was more efficient (feed:gain), consumed 
more and partitioned more energy to fat than a line selected for increased growth on 
a restricted nutritional environment in progeny allowed ad libitum intake (McPhee 
and Trappett, 1987). However, the line selected under limited intake was more 
efficient at converting feed to lean tissue when fed ad libitum. 
A single study has reported the results of selection under a restricted intake 
environment in pigs (McPhee et al., 1988). The selection criteria was increased ham 
weight after a 12 week period of restricted feeding. Select-line pigs were faster 
growing, more efficient, leaner and had increased ham weights when allowed either 
ad libitum or the restricted ration under which they were selected. However, this 
study lacked a line selected under ad libitum intake. Thus no direct comparison of 
selection under these intake environments has been made in the pig. 
Two lines of pigs were established at the Oklahoma State Swine Breeding 
Laboratory to examine selection for increased growth under either ad libitum intake 
or a ration that removed daily intake variation. The terminal objective upon 
completion of seven generations of selection is to compare response in the breeding 
objectives of LTGR and LTFC in the lines under both feeding environments. 
Responses in component traits of LTGR and LTFC (daily gain, feed intake, 
feed:gain and body composition) and reproductive and structural traits are 
hypothesized to d.ift'er depending on the intake level under which selection occurs. 
To test the above hypothesis the objectives of this study were to 1) quantify + 
compare responses in component traits of LTGR and LTFC to selection for gaip 
under ad libitum or a standard daily intake and 2) quantify correlated respoJes in 
structural soundness and reproductive performance to selection for gain undeJ ad 
I 
libitum or a standard daily intake after five generations of selection. [ 
4 
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Direct and correlated response to selection for postweaning traits in sre 
was reviewed by Woltmann (1989). Growth, efficiency, fat and indexes comb~g 
i 
two or three of the above-mentioned traits are summarized in the present review of 
i 
selection for postweaning traits whenever appropriate. Additionally, selecti.otj. 
I 
I 
experiments in laboratory animals are reviewed to :6.11 voids in the swine li~ture. 
\ 
All comparisons were to an unselected control unless otherwise specified. I 
Selection for Growth in Swine 
Direct and Correlated Response 
Selection for body weight or growth has been successful in a number o~ 
I 
studies (Woltmann, 1989). The earliest report was by Krider et al. (1946), wh~re 
lines of Hampshires were selected for high or low weight at 150 d of age. Aftef nine 
generations of selection there was a 28.1 kg difference between the divergent !bes 
at 180 d of age (Baird et al., 1952), with most of this difference established 
postweaning. The high-weight line gained more (.43 kg/d versus .14 kg/d), 
; 
! 
consumed more feed per day and was more efficient than the low-weight line when 
tested over a 72 day period (Baird et al., 1952). 
A realized heritability of .13 was reported by Rahnefeld (1971) as the result 
of seven generations of selection for postweaning daily gain from 42 d through 89 kg. 
Rahnefeld and Garnett (1976) reported a realized heritability of .20 with the 
s 
6 
inclusion of four additional generations of selection. A correlated response in feed 
efficiency of .04 kg feed/kg gain after eight generations was much less than predicted 
(Rahnefeld, 1973). Additionally, no change in 42-d weight was found. 
A series of papers reported direct and correlated response to nine generations 
of selection for: a) maximum daily gain from 56 d to test termination, b) decreased 
backfat at test termination and c) an index combining daily gain and backfat 
(Fredeen and Mikami, 1986abcde). Boars were tested in confinement and test was 
terminated at 91 kg, while gilts were tested on pasture and terminated from an 
average weight of 92 to 132 kg depending on the generation. Realized heritability in 
the growth and backfat lines was .20 and .28, respectively (Fredeen and Mikami, 
1986e). Estimated genetic correlation between gain and fat was .07 for males and 
-.27 for the females (Fredeen and Mikami, 1986d). The difference in the correlations 
may have been due to sex, but was likely due to either environment, age or weight 
at termination of test. 
The line selected for increased growth became less fat relative to controls 
(realized genetic correlation= -.51); however, the decreased fat line showed no 
improvement in gain relative to controls (realized genetic correlation = .02) (Fredeen 
and Mikami, 1986e). These two estimates of the genetic correlation, along with the 
within sex estimate (Fredeen and Mikami, 1986d) would suggest the genetic 
relationship between fat and gain is neutral to slightly favorable. 
Response per selection measured in the index line was higher than the 
realized heritability in the single-trait gain line (Fredeen and Mikami, 1986e). The 
response per selection was .30 and .25 for the gain and fat lines, respectively. These 
are not estimates of realized heritability because the selection measured was 
indirect as a result of index selection. 
Fredeen and Mikami (1986c) concluded based on the literature and their data 
that reproductive performance is enhanced by index selection for increased gain and 
7 
decreased backfat. However, when single-trait selection is practiced on either trait 
individually reproduction is unaffected. In the index line, birth and weaning weight 
(42 d) were increased. No trend was seen for the two traits in the gain or fat line, 
even though there was a fairly large amount of indirect selection that occurred in 
each line (Fredeen and Mikami, 1986b). Meat quality was not adversely affected in 
any of the lines; however, total lean content was greater in select line carcasses 
(Fredeen and Mikami, 1986a). At generation nine the gain line had a predicted lean 
yield 1.4 % higher than the controls, while the fat and index lines were each about 5 
%higher. 
Selection for increased 70-d weight in Landrace (Kuhlers and Jungst, 1990), 
increased 200-d weight in Landrace (Kuhlers and Jungst, 1991b) and increased 200-
d weight in a Duroc line (Kuhlers and Jungst, 1991a) was practiced for 5 or 6 
generations. An average of three methods was used to estimate response to 
selection. Realized heritability for the Landrace 70-d weight line was .13 (Kuhlers 
and Jungst, 1990). The change in 70-d weight was the result of increased gain from 
35 to 70 d. Co-heritabilities for weights at birth, 21 and 35 d of age were not 
different from zero, but for gain from 35 to 70 d the co-heritability was as large as 
the realized heritability estimate. This would suggest a genetic correlation of nearly 
one between 35 to 70 d gain and 70-d weight. Correlated response of growth or 
carcass traits beyond 70 d was not reported. 
Realized heritabilities for 200-d weight were .18 in the Duroc line (Kuhlers 
and Jungst, 1991a) and .26 in the Landrace line (Kuhlers and Jungst, 1991b). 
Ultrasonic backfat thickness at 200 d was increased due to selection in both the 
Ow'OC and Landrace breeds. Much of this difference was due to larger weights in 
the select lines. When backfat was adjusted to common weight by the use of 
covariance analysis the regression of fat thickness on cumulative selection 
differential was non-significant. Carcass data taken from generation four of the 
Duroc lines would suggest that the select line was fatter at a standard weight 
(Jungst and Kuhlers, 1987). Loin eye area did not differ, but select line carcasses 
had 9% more tenth rib fat depth at 104 kg and an estimated percent lean cuts 1.5 
less than controls. Carcass data were not published for either Landrace line. 
8 
In addition to direct response in 200-d weight, increased weights at birth, 21, 
35, 70 and 154 d were present at generation six in the Landrace line (Kuhlers and 
Jungst, 1991b). In the selected Duroc line, much of the response in 200-d weight 
was the result of growth from 154 to 200 days (Kuhlers and Jungst, 1991a). The 
regressions of response in weights and daily gains up to 154 d on cumulative 
selection differential were generally non-significant. Much like the Landrace line 
selected for increased 70-d weight, the co-heritability of growth during the period 
just prior to selection (154-200 d) was as large as the estimate of realized 
heritability. This would indicate selection for gain from 154 to 200 din the Duroc 
breed would be equally effective in changing 200-d weight. 
One additional study examined crosses between the Duroc and 70-d 
Landrace select and control lines mated in a 2 x 2 design (Bullock et al., 1991). 
There were no significant sire or dam line effects for daily gain from 70 to 165 d. 
Duroc sire effect differences for fat and percent lean were similar in magnitude to 
the line effect difference reported by Jungst and Kuhlers (1987); however, they were 
non-significant. In general, differences that resulted from selection were not passed 
on to their crossbred progeny. 
Woltmann et al. (1992) reported the results of divergent selection for growth 
from 9 wk of age through 100 kg in a line selected for rapid daily gain (F) and one 
selected for slow daily gain ($). The ratios of divergent response to divergent 
cumulative selection differential were .38 and .37 for a spring and fall farrowing 
groups, respectively. Rapid line barrows from generations 2, 3 and 4 of the spring 
farrowing group consumed 17.5% more feed per day, gained 20.8% faster and had 
9 
15.8% more backfat than S barrows when fed ad libitum for a standard time period 
(Woltmann, 1989). When intake differences between F and S were removed, F 
gained 8.1 % faster and was 6.7 % more efficient. It was concluded that a large 
proportion of the line difference in growth rate under ad libitum intake was due to 
increased appetite in F, as compared to S. Much of the difference in food intake was 
partitioned as fat. Lean growth rate was 12.1 % higher in Funder ad libitum 
intake, but efficiency oflean growth did not differ. Due to the lack of a control line it 
is impossible to determine whether these differences were due to selection for 
decreased gain, for increased gain or a combination of the two. 
Jungst et al. (1981) selected for a decreased ratio offeed:gain. The realized 
heritability was .09; correlated decreases in backfat and daily food intake were non-
significant. Only a 2.5% improvement in efficiency was observed after ten 
generations of selection (Bernard and Fahmy, 1970) and after six generations 
control and select lines did not differ in efficiency (Webb and King, 1983). Even 
though positive response has been reported and efficiency is of large economic 
importance, single-trait selection is probably not warranted. This is due to the 
relatively small amount of direct response, the cost involved in measurement of the 
trait and its favorable genetic correlation with gain. An alternative method of 
selection for efficiency (food:gain) would be feeding all pigs the same amount over a 
given time period. This would eliminate variation in intake, resulting in a perfect 
favorable correlation between growth and food:gain. 
Summary of Selection for Growth 
Realized heritability estimates for gain or weight at a constant age ranged 
from .13 to .38. In general, realized heritability estimates were less than those 
estimated by covariance and regression methods in non-selected populations. From a 
10 
review of a number of studies, the average heritabilities for postweaning daily gain 
and age at a constant weight were .38 and .58, respectively (Hutchens and Hintz, 
1981). Improvements in growth are accomplished through correlated responses in 
intake and efficiency. The relative importance of each is not clear and may be 
influenced a number of factors such as age selected, weight when selected and 
environment. McCarthy and Siegel (1983) in a review of selection for growth in 
poultry concluded that much of the intake differences between high and low growth 
lines of chickens were due to differences in feed consumption. In reviewing selection 
for growth in mice, Woltmann (1989) found that much of the literature suggested 
efficiency as a major correlated trait. However, at least one study found the 
differences in growth due to selection to be solely the result of intake differences. 
In some studies, single-trait selection for growth either improved slightly or 
did not affect carcass composition (Fredeen and Mikami, 1986a, Kuhlers and Jungst, 
1991ab). In others it was suggested that selection for increased growth resulted in 
decreased lean in the carcass (Jungst and Kuhlers, 1987; Woltmann, 1989). These 
disagreements in correlated response may be the result of selection for somewhat 
different traits and/or the endpoint at which the carcass was measured. The 
average genetic correlation between live backfat and postweaning gain was found to 
be zero (Hutchens and Hintz, 1981) and would suggest the genetic merit for carcass 
composition should not change when selecting for growth. However, single-trait 
selection for growth should not be recommended because of this apparent realized 
genetic correlation that is neutral to unfavorable with carcass composition. 
Index Selection for Postweaning Traits in Swine 
Biolo~cal Indexes 
Bereskin and Steele (1986) discussed the need to measure and select for 
11 
LTGR and its efficiency, rather that gross weight gain and its efficiency. Genetic 
improvement of lean gain and efficiency is expected to follow one of two pathways 
under ad libitum feeding: a) increased rate of lean deposition orb) decreased rate of 
fat deposition through a reduction in voluntary food intake (Fowler et al., 1976). 
Lean growth and lean growth efficiency can be selected for using either a selection 
index that combines the component traits into a single measure or a more direct 
approach. The direct approach was defined by Fowler et al. (1976) as a "biological 
index". This is not an index, but rather single-trait selection, because the true trait 
of interest or the breeding objective is selected for in a more direct manner. The 
need for parameter estimates and economic values is eliminated. 
Two biological indexes of economic importance are lean tissue growth rate 
(LTGR) and lean tissue feed conversion (LTFC) (Fowler et al., 1976). However, 
without practical and accurate methods to measure total body lean at the start and 
finish of test, the selection index will remain the method of choice for genetic 
improvement of LTGR and LTFC. 
The components of LTGR are time and lean. Selection for this trait should 
result in increased lean growth and intake and no change in total fat (Fowler et al., 
1976). The components ofLTFC are food and lean. Selection for LTFC is expected 
to result in decreased fat and intake, but static lean growth. Selection under an ad 
libitum system using an index that favors lean and efficiency would tend to select 
those animals that voluntarily restrict their intake (Smith and Fowler, 1978). 
Under a time-scale feeding system all pigs are given the same allotment of feed 
based on time on test. This removes all intake variation, except that created by 
refusals, so selection would favor those animals that deposit lean more rapidly. 
Selection under this environment should result in a perfect correlation between 
LTGR and LTFC, since feed intake and days tested are constant for all animals. 
Whittemore (1979) discussed the benefits of selecting animals with increased 
12 
potential for LTGR As pigs reach acceptable levels for backfat, the only way to 
improve the lean:fat ratio is to increase lean growth. He suggested that the upper 
level for lean growth had not been reached at that time. Even though this article 
was published 13 years ago, this statement is probably true in regards to all or most 
strains of pigs currently in the U.S. Recent studies using pST have shown 
substantial increases in lean growth with pST treatment (e.g., Etherton et al., 
1986). This is an indication that an upper plateau for lean growth does not 
currently exist and improvements can be made as long as there is genetic variation 
exists. 
Bichard et al. (1979) discussed a strategy to select for LTGR and/or LTFC. 
When selection is under a time-scale system, lean growth must be as close to 
optimum as possible to exert maximum pressure on LTGR Intake needs to be near 
ad libitum, while eliminating most or all refusals. This means a good estimate of 
the mean and variance of intake in the population to be selected is important. In 
addition, a pig should not be limit fed during early stages of growth ( <35 kg), since it 
may not consume enough food to support maximum lean growth during this period. 
A study was undertaken in which boars were offered ad libitum or 96% of ad 
libitum intake over a constant time period (Bichard et al., 1979). The boars on the 
limited level consumed only 84% of predicted ad libitum. Levels vecy close to ad 
libitum intake should not be used to eliminate intake variation. It was suggested 
that pigs be scale fed at 80 to 90% of ad libitum after reaching 40 kg. Feeding at 
this level would remove most refusals and allow for near maximum lean growth. 
Direct and Correlated Response 
As compared to single-trait selection for postweaning traits, a large number 
of studies have reported the results of selection using an index that included two or 
three traits . A selection index combining growth and carcass traits is expected to 
have the same objectives as a biological index (Fowler et al., 1976). Without 
accurate methods to measure composition at the beginning and end of the testing 
period, the selection index will be the method of choice over the more direct 
biological index method. 
Response to selection on an index of gain and backfat was reported in a 
number of studies (Vangen, 1974; Sather and Fredeen, 1978; Ollivier, 1980; 
Cleveland et al., 1982; McKay, 1990). 
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Vangen (1974) selected on divergent phenotypic indexes: an upward index of 
increased gain and decreased backfat and a downward index of decreased gain and 
increased backfat. A phenotypic index that was intended to weight the traits 
equally based on their phenotypic standard deviations was used. Efficiency was 
improved and growth rate increased in the upward line. As expected, response was 
unfavorable for both traits in the low line. Appetite was initially unaffected by 
selection for decreased fat and increased gain (V angen, 1977), but daily intake was 
later reported to have significantly increased by .006 kg/generation (Vangen, 1980). 
These lines were selected under a "semi-ad libitum" feeding regime, in which pigs 
were fed twice daily to appetite. 
Vangen (1979) reported per generation responses of-.7 mm for backfat and 
6. 7 g for daily gain. The realized response in the high line was .55, .61 and .41 for 
the index, backfat and gain, respectively. Improvements in LTGR and LTFC 
appeared to have resulted from selection for increased gain and decreased backfat 
(Vangen, 1980), but neither of these traits were measured directly. 
A similar phenotypic index of gain and backfat resulted in improvements in 
both index traits (Sather and Fredeen, 1978). Response per selection in the index 
line was .30 and .25 for gain and backfat, respectively (Fredeen and Mikami, 1986e). 
Total intake from 56 d to 90 kg was decreased, thus the improvement in growth rate 
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was the result of improved efficiency (Sather and Fredeen, 1978). However, there 
were no line differences when intake was expressed on a daily basis. Additionally, 
correlated responses in the index line were reported for increased birth and weaning 
weight (Fredeen and Mikami, 1986c) and percent carcass lean (Fredeen and 
Mikami, 1986a). 
A third study selected for a phenotypic index of gain and backfat (McKay, 
1990). Even though both traits were standardized by their estimated phenotypic 
standard deviations, very little selection pressure was placed on daily gain. 
Response per generation for backfat was -.70 and-.35 mm for a Yorkshire and 
Hampshire line, respectively. Response per generation for daily gain was not 
different from zero for either breed. 
Cleveland et al. (1982) selected for the same two traits in an economic index. 
This index placed more emphasis on daily gain in standard deviation units than 
backfat. In a comparison of this index to the one reported by Vangen (1979), 
relatively more emphasis was placed on daily gain. Backfat was decreased by 5.4% 
and daily gain increased by 12.5% after five generations of selection. The realized 
heritability of the index was .19; however, only 41 and 38% of expected response was 
realized for gain and backfat, respectively. Barrows from the index and control lines 
were individually fed starting at 25 kg for a constant time period. Pigs from each 
line were tested on one of three rations: ad libitum, 91 % of predicted ad libitum or 
82% of predicted ad libitum (Cleveland et al., 1983a). lean gain was greater in the 
index line by 70 g/d at the two highest feeding levels. However, at the 82% 
restriction level the line difference was only 17 g/d. Lean growth was depressed to a 
greater extent in the index line when restricted to the 82% level (21 vs. 11 %), as 
compared to ad libitum. This may have been due to an inadequate level of protein 
to support the higher amount of lean growth potential. 
The index line was more efficient both on a live weight and lean weight basis 
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(Cleveland et al., 1983b). The 91 % level of restriction was the most efficient intake 
level for depositing lean. Barrows at this level were 5% more efficient, but gained 
10% more slowly. The regressions of correlated response on cumulative selection 
differential in litter size and pig weight were not significant (Cleveland et al., 1988). 
Lean tissue feed conversion was the breeding objective of an index that 
included increased growth rate, improved feed conversion ratio (feed/gain) and 
decreased backfat (McPhee, 1981). Pigs were tested from 45 to 80 kg under a semi-
ad libitum feeding regime, in which pigs were allowed to consume ad libitum for 20 
minutes. Response was evaluated in two feeding trials when selection was 
terminated after 4.3 generations of selection. The select line gained faster when fed 
a limited ration, but the control line gained faster when fed ad libitum. The 
decreased growth in the select line was due to a 6.4% lower voluntary food intake; 
however, the select line was more efficient and had about 12% less backfat. 
Selection using this index improved LTFC, the biological trait selected for, by 7.5 
and 5.8% under ad libitum and restricted feeding level, respectively. Lean growth 
rate was improved by 5% under limited intake, but under an ad libitum 
environment this difference was only 1.5%. Selection had its effect by decreasing 
intake, and to a lesser extent by increasing lean growth rate. 
Long-term selection using an economic index containing the same three traits 
was reported in a second study (Henderson et al., 1982). Feed conversion data were 
collected from pens of2 or 3 full-sibs allowed ad libitum intake from 27 to 87 kg. 
Ellis et al. (1988) reported a realized heritability for the index of .26 through 11 
generations of selection. A total increase of 45 index points resulted in realized 
improvements of20 and 9% for backfat and feed conversion, respectively. No 
improvements in daily gain were accomplished, even though a large realized 
cumulative selection differential was achieved This index placed less emphasis on 
daily gain, as compared to an index containing the same traits currently used at 
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U.S. central boar test stations (NSIF, 1987). 
Improvements in efficiency and backfat were mainly the result of decreased 
intake (Smith et al., 1991), as was predicted by Fowler et al. (1976). Select-line 
boars consumed .25 kg less food per day from 30 to 90 kg. Annual reductions were 
-.012 and -.017 kg/d for the boars and gilts, respectively. The intake difference of .25 
kg was uniform over the weight range examined; however, at lower weights the 
reduction was proportionately higher. In these young males the daily intake was 
not sufficient to promote maximum lean growth. 
A number of earlier studies reported on these lines at generation 10 of 
selection. Line differences for growth and fat were already established at on-test 
weight (Henderson et al., 1982). At 27 kg select boars were nine d older and had a 
lower proportion of dissected carcass fat. Body fat was not relocated from 
subcutaneous to other fat sites as the result of selection; however, some 
redistribution of subcutaneous fat appears t.o have occurred (Wood et al., 1983). 
There were no differences detected for bone and lean weight distribution. 
Companion papers reported on feeding males from the select and control lines 
at either ad libitum (Ellis et al., 1983) or at the same level for a fixed time 
(Henderson et al., 1983). In both trials boars were started on test at 27 kg and fed 
for 84 d. Select boars gained faster and were thus more efficient when intake 
differences were removed. Carcass dissection revealed that differences remained, 
even though intake differences were removed. The select line contained 7% more 
lean, 6% less fat and was 9% more efficient in converting food to lean. These 
differences were greater under the ad libitum feeding environment. The select line 
contained 9% more lean, 13% less fat and was 18% more efficient in converting food 
to lean. Control boar intakes were 4% higher over the entire 84 day period, but 
most of this difference was the result of increases during the first 42 days. This 
differed from Smith et al. (1991), as discussed earlier, where a constant difference in 
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voluntary intake of .25 kg/day from 30 to 90 kg was reported. 
l.eymaster et al. (1979) used a more biological approach in selecting for lean 
tissue growth and lean tissue efficiency. Lines of Yorkshires were selected for 
percent lean cuts at a constant weight or total carcass lean at a constant age. Direct 
selection for total lean cuts resulted in an increase of .50 kg/generation and a 
correlated response in percent lean of .23%/generation. Selection for percent lean 
resulted in a direct response of .38%/generation resulted and a non-significant 
decrease in total lean cuts. Realized heritabilities for percent lean cuts and total 
lean cuts were .32 and .17, respectively. The estimated genetic correlation between 
percent lean and total lean cuts was .22 ± .18. 
Correlated responses for backfat of .03 and .10 mm/generation were reported 
for the total lean and percent lean lines, respectively (DeNise et al., 1983). 
Correlated responses in overall growth or lean growth rate were not reported. 
Selection did not effect carcass quality, conception rate or farrowing rates. However, 
in both select lines litter size was adversely affected. Litter size was smaller at 
birth, 7 and 21 days. For second parity sows litter size at 21 days was about 2 pigs 
less. 
Summary of Index Selection 
Positive response in index points was reported in five separate studies for a 
selection index that included gain and backfat. Lean growth rate and the efficiency 
oflean growth improved as the result of index selection for these two traits. Two 
studies reported favorable response on an index of gain, efficiency and backfat. In 
both studies intake decreased and gain remained constant. The net result was an 
improvement in lean growth efficiency, but \itt\e OT no change m. \ean gain.. 
The amount of response realized in each index and the component traits 
varied between studies. The expected and realized response per trait is dependent 
on the relative weight given to each trait. This will depend on the type of index, 
either phenotypic or economic. If an economic index is used the weighting of each 
trait will be affected by the relative economic values placed on each trait. In 
addition, an index is dependent on the parameter estimates used, including 
heritabilities and the genetic and phenotypic covariances. 
18 
An alternative to index selection is the biological index. The objective is 
selected for more directly, rather than by an index of component traits. This method 
eliminates the need for the parameter estimates and economic values that are 
required to derive an economic index, but has certain limitations. To estimate lean 
growth the initial and final lean content of the pig must be estimated. Without 
accurate methods to estimated lean content, pigs will not be ranked appropriately. 
Also, the biological model does not allow for the inclusion of many economically 
important traits, such as reproduction. 
Selection for Growth Under Limited Intake 
Direct and Correlated Response in Mice 
Few studies in swine have reported response to selection for growth under 
limited intake, thus the literature pertaining to mice will be summarized. 
Early experiments that included lines selected for growth under limited 
intake were designed to study genotype by environment interactions (Dalton, 1967; 
Falconer, 1960). Falconer (1952) expressed the interaction between the two 
nutritional environments as a genetic correlation between separate traits. The only 
justification for selecting under the environment opposite that in which the animal 
is expected to perform would be an increased heritability in the environment the 
parents are selected under. The smaller the genetic correlation between the two 
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traits or environments, the larger the heritability must be to justify selection under 
the opposite environment. 
More recent experiments that have included lines selected under limited 
intake have been designed to answer questions related to the partitioning of 
metabolizable energy. McPhee et al. (1980) hypothesized "when animals are fed the 
same amount over the same period, selection for the fastest growers would result in 
partitioning of metabolizable energy toward more protein and less fat". This should 
result in selecting for animals that are improved in both lean growth rate and lean 
growth efficiency, as discussed by Fowler et al. (1976). 
McPhee et al. (1980) selected for increased growth rate in mice from 5 to 9 wk 
of age under an intake level that was 83% of estimated ad libitum. The realized 
heritability of this trait was estimated to be .36 and .19 in replicated selection lines. 
No line selected for increased growth under ad libitum intake was included. Even 
though selection response was positive, the hypothesized changes in carcass 
composition did not occur. Select and control line mice from the sixth generation of 
selection were fed either ad libitum or limited intake levels. The select line had 
more total fat, a higher percent fat and lower percent protein when fed either ad 
libitum or the limited intake level. It should be noted that selection did not occur 
until after the period of rapid protein deposition for mice, so selection may not have 
been for the desired changes in carcass composition. It was concluded that a 
reduction in the maintenance requirements may have accounted for the line 
differences in growth rate. The authors suggested that gross weight gain may be too 
crude a measurement and that direct measurement of composition may increase 
rate of response in lean composition. 
The same laboratory conducted a similar selection experiment that corrected 
many of the problems of the earlier study (McPhee and Trappett, 1987). Lines of 
mice were selected for increased 3 to 6 wk growth under either an unrestricted 
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nutritional environment (F) or one that was restricted to 80% of predicted ad libitum 
(L). Realized heritabilities, estimated by a ratio of response to the cumulative 
selection differential, were .38 and .33 for F and L, respectively. The control line 
was randomly selected under ad libitum intake. Also, the cumulative selection 
differential was 50% higher in F (.63 vs .. 42 g/d), than L. This was an indication 
that the phenotypic variation of growth was decreased when all mice were fed the 
same amount of food. 
Mice representing seven generations of selection were allowed either ad 
libitum intake or 80% of predicted ad libitum in a 2 x 2 factorial arrangement with 
selection line. From this arrangement the realized genetic correlation was 
estimated to be .54. Each line performed better under the diet which they were 
selected. Ad libitum intake increased in F and decreased in L and in gross efficiency 
responded favorably in both lines. Compared to the controls, the select lines 
contained more carcass protein. However, the ratio of protein to fat was highest in 
L under both feeding regimes. The authors concluded that if the breeding objective 
is efficiency of lean growth, then restricted feeding is the best nutritional 
environment for selection. 
The same selection criteria as above were used by Hetzel and Nicholas 
(1982), but an ad libitum and a restricted control line were maintained rather than 
a single ad libitum line. Realized heritability was .29 and .19 for the F and L lines, 
respectively. The phenotypic variation of weight gain was 2.5 times larger in the F 
line. As discussed earlier, the selection differential reported by McPhee and 
Trappett (1987) also suggested a decrease in daily gain variation when selecting 
under a limited intake. 
As in the previous studies, a 'switch-back' design was used to evaluate each of 
the lines under both feeding environments (Hetzel and Nicholas, 1986). The 
estimated genetic correlation between growth under the two environments was .28. 
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When all lines were fed at the same intake level, L gained the fastest and was thus 
the most efficient. Under both feeding environments F had the highest rate of fat 
deposition and L the lowest. The use of restricted feeding allowed the exploitation of 
heritable variation in the partitioning of energy for growth. 
Direct and Correlated Response in Swine 
Only two studies have been designed to compare response to selection under 
different levels of intake in the pig (Fowler and Ensminger, 1960; McPhee et al., 
1988). The early study (Fowler and Ensminger, 1960) was designed to explore 
genotype by environment interaction. High and low (intake 70% of high) nutrition 
lines were selected on an index of gain and litter size. No control line was 
maintained. Pigs representing generations 7, 8 and 9 were studied in a 'switch-
back' design. The estimated genetic correlation of growth under the two nutritional 
environments was . 70. When both lines were allowed ad libitum intake, the low line 
grew more rapidly in two of the three generations and equal to the high line in the 
third. This was because the low pigs were more efficient. When both were fed the 
restricted ration performance of the low line was superior to the high in each 
generation. 
It was suggested that superiority in growth of the high line was due to their 
potential intake capacity. For this reason they were unable to compete with the low 
line when both were fed a restricted level of intake. The authors also suggested that 
the superiority in feed efficiency of the low line pigs may have been due to a lowered 
metabolic rate and/or repartitioning of growth from fat to lean. 
Selection for lean growth, as measured by weight of ham lean, was practiced 
under a restricted level of intake for 4.5 generations (McPhee et al., 1988). Pigs 
were tested for 12 wk starting at a weight of 25 kg. Pigs were limited to the same 
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amount of food daily, such that all pigs received the same amount of food over the 12 
week period. The weight of ham lean was predicted from growth rate and ultrasonic 
fat depth. A line selected for increased ham under ad libitum intake was not 
included in this study. 
Response was measured under a feeding regime of either ad libitum or the 
restricted ration under which they were selected. The select line grew faster, was 
leaner, had a higher weight of ham lean and was had a lower feed:gain than the 
control when fed at either intake level. These differences were larger under ad 
libitum intake, except for fat. Ad libitum intake was higher in the select line. 
A high genetic correlation was implied between ad libitum and the restricted 
feeding levels by the similarity in realized response. The authors suggested that 
selection for lean under ad libitum intake, if practiced, may have been slower. This 
is based on the above-mentioned high genetic correlation, the higher heritability for 
ham weight under limited intake (.43 vs .. 28) and a small, favorable correlation 
between growth and fat under limited intake. The genetic correlation between fat 
and growth under ad libitum intake was estimated to be small, but unfavorable. 
Line differences were observed to be subject to seasonal variation. Since the 
generations were not distinct, testing of pigs within a generation occurred 
throughout the year. Differences between lines were greatest during the cooler 
months, with the most marked differences in backfat. No explanation for these 
seasonal affects were discussed. 
Two additional studies relating to these lines were reported in the literature 
(McPhee et al., 1991a; McPhee et al., 1991b). The select line responded to higher 
levels oflysine (20 vs. 17 g/d) through decreased fat and increased gain when fed to 
a restricted level of intake (McPhee et al, 1991b). This response was at a "medium" 
energy density diet; there was no additional response at a "high" energy level. 
McPhee et al. (1991a) found the effects of selection and porcine somatotropin 
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(pST) to be additive. The select line examined were described by McPhee et al. 
(1988). Selection increased growth rate 22%, improved efficiency 14% and decreased 
backfat by 14%. Treatment with pST produced similar improvements of 17, 20 and 
15% across lines for the same three traits, respectively. Selection had no adverse 
effects, but pST had a slight undesirable effect on lean quality. Selection worked 
through a combination of increased appetite and repartitioning of fat to protein, but 
pST worked solely through repartitioning. 
A major problem associated with selection under a environment different 
from that in which the offspring will be expected to perform is the possibility of a 
selection regime x production system environment interaction (Webb and Curran, 
1986). Selection under a limited environment does not account for genetic intake 
differences, and thus will change the ranking of boars (Kanis, 1990a). The easiest 
way to avoid this interaction is allow pigs ad libitum access under both test and 
commercial conditions. However, a better understanding of the reasons for these 
interactions is needed. A long-term selection project is currently underway in 
Britain that is designed to better understand the genetic relationships between lean 
tissue growth rate (LTGR), lean tissue feed conversion (LTFC) and feed intake, as 
described by Webb and Curran (1986). Divergent lines are being selected under four 
criteria: a) LTFC allowed ad libitum intake; b) LTGR allowed ad libitum intake; c) 
LTGR at a restricted intake level; d) voluntary feed intake. In addition, ad libitum 
and restricted intake control lines will be maintained. 
Lines of mice were selected under ad libitum intake for either increased 
appetite, decreased fat proportion or increased lean mass (Hastings and Hill, 1989). 
Direct response occurred in each line; however, the only line that had a desirable 
change in carcass composition was the line selected for fat proportion. In the other 
two lines fat changed at a rate that was proportionate to lean. 
Summary of Selection for Growth Umier Limited Intake 
The earliest reported studies involving selection under a limited level J 
I 
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intake were designed to examine genotype x environment interactions. More tecent 
I 
studies have removed the variation in daily intake to attempt to exploit herita!ble 
variation in the partitioning ofmetabolizable energy. 
I 
In mice, realized heritability estimates for growth under restricted intake 
were in the range of those reported for growth under ad libitum intake. Sele~on 
I 




In swine, single trait selection for growth under limited intake has not been 
I 
reported. Favorable response was reported when a line was selected for increased 
I 
ham weight under limited intake. The select line was leaner, more efficient Slid 
I 
grew faster when fed either ad libitum or the diet under which they were selec/ted. 
However, a contemporary line selected under ad libitum intake was not develo~d, 
thus a direct comparison of the two feeding environments is not available. I 
The Role of Intake 
. The role of appetite or voluntary food intake is undoubtedly important ~ the 
overall genetic improvement of pigs. A number of authors has discussed the 
importan~ of appetite in regard to further genetic improvement of the pig (Fojler, 
1986; Kreiter and Kalm, 1986; Webb and Curran, 1986; Vangen and Kolstad, 1986; 
Brandt, 1987; Kanis, 1990b). The degree to which appetite is correlated with 
economically important traits such as gain, backfat and efficiency will determine 
. I 
how the genetic potential for intake is affected. This is because intake is not directly 
selected for in indexes commonly used by the United States or European •~ 
industries. 
It should be noted that all of these papers are by European authors. Much 
more emphasis has been placed on efficiency of lean deposition and percent lean in 
Europe, thus reduced genetic potential for appetite is a larger problem than in the 
United States. However, these ideas are very applicable to the long-term 
improvement of pigs in the United States. 
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Index selection experiments that have included gain, backfat and/or 
efficiency are one way to study correlated intake response due to selection. Selection 
experiments with the objective of improving the efficiency of lean tissue growth have 
used an index of increased growth and decreased fat under ad libitum (Sather and 
Fredeen, 1978; McPhee, 1981; Cleveland et al., 1983) or semi ad libitum intake 
(Vangen, 1979) or an index of gain, backfat and feed conversion efficiency under ad 
libitum (Ellis et al., 1983) or semi ad libitum intake (McPhee, 1981). Feed intake of 
selected lines has fallen below the levels of controls in all but one of the studies 
(Vangen, 1979), in which intake was unchanged relative to the control line. Pigs 
were selected under semi ad libitum intake in this study, thus the variation in 
intake of the selected animals was reduced. Cleveland et al. (1983) did not report 
feed intake. In a comparison of the expectations for indexes emphasizing efficiency 
of lean growth, feed intake and gain are expected to decrease when testing is under 
ad libitum intake and increase when tested under limited intake (McPhee et al., 
1979). An alternative to prevent deterioration of intake when testing is under an ad 
libitum environment, is the use of a selection index that restricts change in intake. 
The reduction in intake reported by most studies is largely due to the 
antagonistic genetic correlation between ad libitum intake and backfat. McPhee et 
al. (1979) and Brandt (1987) reported correlations of .59 and .49, respectively. 
Vangen (1980) found this correlation to be only slightly unfavorable under semi-ad 
libitum intake, which may explain why intake was unaffected by index selection in 
one study (Vangen, 1979). 
A review of heritability estimates for intake indicated a range of estimates 
from .12 to .59 (Standal and Vangen, 1985). Heritability was higher when 
estimated under ad libitum intake, as compared to semi ad libitum. McPhee et al. 
(1979) reported an average heritability of .38 for the studies that were reviewed, 
pointing out that the heritability of feed intake is affected by feeding level, diet, 
temperature and other environmental conditions. More recently, Brandt (1987) 
reported an estimate of .50. 
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The genetic correlation between gain and intake is high, thus decreases in 
intake must be avoided to prevent further deterioration of growth (Brandt, 1987). 
Reviews of the literature (Wyllie et al., 1979; Standal and Vangen, 1985) found the 
genetic correlation between gain and ad libitum intake to be about .90. Under 
restricted or semi-ad libitum intake this correlation is much lower (about .50). In 
fact, if intake variation is totally eliminated this correlation will by definition 
become zero. Even though the relationship between ad libitum intake and gross 
gain is very strong, Kreiter and Kahn (1986) reported a moderately favorable 
genetic correlation of .40 for lean growth and intake. Also, an unfavorable 
correlation between intake and backfat of .50 was reported. 
Webb (1986) stated that once optimum fat levels are reached then selection 
emphasis should shift from efficiency oflean growth toward rate oflean growth. 
The author suggested selection methods that increase appetite and protein synthesis 
will result in greater overall improvement over a number of generations. A better 
understanding of the genetic relationship between voluntary feed intake and lean 
tissue growth under different feeding regimes is needed to better accomplish 
selection goals related to lean growth (Webb and Curran, 1986). A number of 
methods have been proposed to emphasis long term improvements in lean growth 
and are discussed below. 
The simplest way to emphasize intake is to place more economic emphasis on 
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growth when deriving a selection index (Kreiter and Kalm, 1986). Two other 
potential improvement methods are selection using an index that restricts changes 
in intake or direct selection for lean growth rate. Brandt (1987) discussed the same 
three alternatives. The author stated two main problems with the biological 
approach. First, lean growth is hard to measure accurately because of the inability 
to accurately estimate lean at the beginning and end of test. Second, traits such as 
meat quality and female performance cannot be incorporated into the model. He 
concluded that restricting changes in the genetic potential for intake within an index 
is the best way to prevent further declines for that trait. 
PredictionofCarcassl.ean 
Estimation of lean composition is important in the carcass, as well as the live 
animal. As the technology to evaluate carcass composition in the live animal 
becomes more accurate, total lean content of the live animal can be evaluated with 
increased accuracy. This will allow for a more biological approach (Fowler et al, 
1976) to selection for postweaning traits. Most of the published research to predict 
lean is the result of measurements on the whole carcass followed by complete tissue 
separation of the carcass into lean, fat and bone. To allow for more accurate 
prediction of and selection for lean growth specific methods using the Real-Time 
technology needs to be developed. Genetic parameter estimates for such things as 
Real-Time muscle area and lean growth are not readily available in the literature. 
Industry standardized prediction equations for lean composition are available 
for carcass ranking and are updated periodically (Fahey et al., 1977; Grisdale et al., 
1984; Orcutt et al., 1990). In all three studies the best predictor of carcass 
composition was tenth rib fat depth. In addition, loin muscle area and carcass or 
live weight are used to predict total lean. 
The previous equations adapted from Grisdale et al. (1984) overestimated 
carcass lean and were giving the current United States pork industry a false 
security (Orcutt et al., 1990). The authors suggested the equations need to be 
updated frequently to keep up with the changing industry. Powell et al. (1983) 
found that the equations in place at that time (Fahey et al., 1977) overestimated 
lean in low cutabiltity carcass, but were effective at ranking the carcasses on 
percent lean. Another study of the same equations found that the estimation 
methods based on intact carcass scores were inaccurate (Edwards et al., 1981). 
However, they found the equations that used tenth rib fat depth and loin muscle 
area were appropriate over a wide range of fat thicknesses. 
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Measures of fat depth at the tenth rib or fat thickness at the last rib were the 
best single predictors of carcass lean and explained from 50 to 70 % of the variation 
in total lean (Diestre and Kempster, 1985; Kanis et al., 1986; Kempster and Evans, 
1979; Wood and Robinson, 1989). Kempster and Evans (1979) found a single 
ultrasonic measurement in 61, 91 and 118 kg pigs explained 62 % of the variation in 
cold carcass lean content over all three weight ranges. Additional fat measurements 
only slightly improved the prediction equations. A similar percentage of total lean 
(50 to 62%) was explained by a combination of live weight and any two ultrasound 
fat thicknesses (Kanis et al., 1986). 
There is some evidence that breed or genetic type may affect prediction. 
Using a pooled equation, percent lean was overestimated by .5% in Large Whites, 
but was underestimated by 1.8% in Pietrains (Wood and Robinson, 1989). Carr et 
al. (1978) found that growth ofbackfat was linear in Hampshires from 45 to 136 kg. 
Growth in loin muscle area was quadratic as the result of a decreased rate of loin 
muscle deposition as pigs reached heavier weights. In Yorkshires, growth in loin 
muscle area was linear over the weight range. These differing growth patterns 
would affect prediction of and ranking on lean, especially in those equations that 
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adjust lean to a constant weight. 
Prediction of lean in a genotype can be predicted from the dissected ham 
(Evans and Kempster, 1979). If full dissection is cost prohibitive, dissection of the 
wholesale ham is the most accurate and is relatively low in cost. The same authors 
evaluated lean prediction using single wholesale cuts when pigs were fed under 
different levels of feed intake. The shoulder area was the most stable across 
different restriction levels. However, dissection of the loin area should be avoided 
because of it's inability to predict lean content across levels of dietary restriction. 
To allow for the estimation of lean growth over a specified weight range, an 
accurate estimate of carcass lean at on-test weight is required. Prince et al. (1981) 
suggested a four variable equation to predict total body \ean in 25 to 45 kg pigs: 
including body weight, average of three ultrasonic back.fat measurements, body 
length and ultrasonic loin depth. This equation had an R2 of .89. A simpler 
equation was suggested for 15 to 50 kg pigs that included only body weight 
(Brannaman et al., 1984). A nearly identical equation was used by Woltmann et al. 
(1992) to predict the composition of 30 to 50 kg pigs. The latter equations would 
suggest that lean growth is proportional to total growth from 15 to 50 kg. 
Summary 
Direct response to selection for postweaning growth and/or carcass traits in 
swine was reported to be positive for all single-trait and index studies reviewed. 
Unfavorable correlated responses are often associated with single-trait selection, 
thus the overall postweaning objective of either increased lean growth or improved 
lean growth efficiency is not optimized. Selection solely for growth or gain has 
resulted in small improvement in gross efficiency, neutral to slightly unfavorable 
changes in fat thickness and percent carcass lean and increases in intake. The 
30 
degree to which fat increases depends on the extent to which the increased intake is 
above the pigs need for maintenance and lean growth. 
Index selection should result in maximum progress toward the overall 
breeding objective. Response to selection on an index of gain and fat was favor.able 
for both traits. In addition, lean growth and lean efficiency were improved wh:en 
selecting on this index. An index of gain, fat and feed conversion improves thJ 
I 
efficiency oflean growth. The improvement in this index is realized through 'I 
correlated d_ecreases in appetite. This change in intake results in improved fJd 






Selection for postweaning traits on a limited ration removes much or all of 
! 
the intake variation. When intake is similar for all pigs, those that gain the niost 
I 
rapidly partition more of their metabolizable energy toward lean growth. Mice 
I 
studies suggest that if lean efficiency is the breeding objective, removal of int&fe 
variation will increase response more rapidly than selection under ad libitum ktake. 
Growth improvements in a line of pigs selected under ad libitum intake ap~ to 
be the result of increased appetite, but progress in a line selected for gain un~r a 
I 
limited intake level was the result of both reduced maintenance and the 11 
I 
repartitioning of growth from fat to lean. Positive response in ham weight was 
realized when selection was under a restricted intake. A contemporary line + not
selected under ad libitum intake, thus a direct comparison of selection under the two 
feeding levels was not available. However, it was suggested that direct respoie 
i 
was more rapid under restricted feeding than it would have been under ad libitum 
feeding. 
CHAPrERIII 
Dm.ECT AND CORRELATED RESPONSE TO FIVE GENERATIONS OF 
SELECTION FOR INCREASED POSTWEANING GROWTH UNDER 
AD LIBITUM OR A STANDARD LIMITED INTAKE IN THE PIG 
Abstract 
Lines of pigs were established to compare component traits oflean tissue 
growth rate and lean tissue feed conversion (gain, intake, feed:gain and body 
composition) Selection was practiced for increased postweaning daily gain (DG) 
from 36 to 104 kg under either ad libitum (F) or a standard limited (L) intake. An 
unselected control line ( C) allowed ad libitum access to feed was also maintained. 
Selection was on males only for five generations in a spring (SFG) and a fall (FFG) 
farrowing group. Response was measured on barrows and gilts allowed ad libitum 
access to feed from 9 wk of age through 100 kg. Barrows and gilts were penned 
together by line and pen feed intake was measured. Ultrasonic backfat (APBF) 
measurements were taken on all pigs at test termination. In generations 3, 4 and 5 
one barrow per litter was slaughtered and carcass data collected. Additional 
information collected only in generation five included movement and front-end 
soundness scores on barrows and gilts and testicle volume in boars. Response per 
generation and per weighted cumulative selection differential (WCSD) were 
estimated. Standardized WCSD were 3.4, 3.6, 2.8 and 3.1 for F-FFG, F-SFG, L-
FFG and L-SFG, respectively. Realized responses per generation averaged over 
farrowing groups were .13±.06 and-.04±.18 for F and L, respectively. Component 
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trait regressions were significant (P<.05) for increased daily intake in F and 
decreased backfat and improved feed:gain in L. In generation five, F was greater 
(P<.05) for DG and daily intake; however, L had advantages (P<.05) in decreased 
backfat and improved feed:gain. Lean growth rate, estimated from barrow carcass 
data, was higher in F than in L (P<.05). These data indicate that response in the 
component traits of lean tissue growth rate and lean tissue feed conversion are 
dependent on the allowed intake environment under which selection occurs. In F, 
favorable response in DG was mainly the result of increased intake. In L, 
improvement in feed:gain was the result of decreased intake in relation to gain. 
Selection under an environment that removed variation in daily intake exploited 




Single-trait selection for growth and carcass traits has shown positive 
response in experimental lines of pigs. Selection for increased weight at a constant 
age (Krider et al., 1946; Kuhlers and Jungst, 1990; Kuhlers and Jungst, 1991ab) 
and for rapid postweaning gain (Rahnefeld, 1971; Fredeen and Mikami, 1986e; 
Woltmann et al., 1992) has been successful. Realized heritability estimates for gain 
or weight at a constant age ranged from .13 to .38. 
Positive response to index selection has been reported in a number of studies. 
An index containing only gain and backfat resulted in progress for both traits 
(Vangen, 1974; Sather and Fredeen, 1977; Ollivier, 1980; Cleveland et al., 1982; 
McKay, 1990). Selection using this index generally resulted in improvements in 
lean growth rate and efficiency of lean growth. Selection on an index containing 
gain, backfat and feed conversion resulted in improvements in efficiency and 
backfat, but not growth rate (McPhee, 1981; Henderson et al., 1982). The 
improvements realized from selecting on this index were mainly the result of 
decreased appetite. 
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Fowler et al. (1976) proposed a more direct, biological model, as a method of 
selection for the postweaning breeding objective. The biological objectives or traits 
defined were lean tissue growth rate (LTGR) and lean tissue feed conversion 
(LTFC). Selection under an ad libitum nutritional environment allows intake to 
vary, thus genetic improvement in gain may be the result of correlated increases in 
appetite (Smith and Fowler, 1978). Selection for increased growth under an 
environment that removes intake variation would favor those animals that most 
rapidly and efficiently deposit lean. This is because about three units oflean tissue 
can be produced at the same energetic cost as one unit of fat tissue (see Fowler et 
al., 1976). Webb and Curran (1986) discussed how goals related to selection for lean 
growth rate can be better achieved with an improved understanding of the 
relationship between feed intake and lean tissue growth under different feeding 
levels. 
The realized heritability of gain in lines of mice that were selected under an 
environment in which intake variation was decreased or removed was similar to 
estimates in lines selected under ad libitum intake (McPhee et al., 1980; Hetzel and 
Nicholas, 1982; McPhee and Trappett, 1987). A line of mice selected for increased 
growth on ad libitum feed grew faster, was more efficient, consumed more and 
partitioned more energy to fat than a line selected for increased growth on a 
restricted nutritional environment in progeny allowed ad libitum intake (McPhee 
and Trappett, 1987). However, when limited to the same intake level the line 
selected under restricted feeding grew faster and was more efficient 
A single study has reported the results of selection under a restricted intake 
environment in pigs (McPhee et al., 1988). A line was established by selecting for 
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increased ham weight under restricted feeding. Select-line pigs were faster growing, 
more efficient, leaner and had increased ham weights when allowed either ad 
libitum or the restricted ration under which they were selected. However, this study 
lacked a line selected under ad libitum intake. Thus no direct comparison of 
selection under these intake environments has been made in the pig. 
Two lines of pigs were established at the Oklahoma State Swine Breeding 
Laboratory to examine selection for increased growth under either ad libitum intake 
or a ration that removed daily intake variation. The terminal objective upon 
completion of seven generations of selection is to compare response in the breeding 
objectives ofLTGR and LTFC in the lines under both feeding environments. 
Responses in component traits of LTGR and LTFC (daily gain, feed intake, 
feed intake and body composition) and reproductive and structural traits are 
hypothesized to differ depending on the intake level under which selection occurs. 
To test the above hypothesis the objectives of this study were to 1) quantify and 
compare responses in component traits ofLTGR and LTFC to selection for gain 
under ad libitum or a standard daily intake and 2) quantify correlated responses in 
structural soundness and reproductive performance to selection for gain under ad 
libitum or a standard daily intake after five generations of selection. 
Materials and Methods 
Initiation of lines 
The base generation was established at the Southwest Forage and Livestock 
Research Station near El Reno from a line of pigs that was previously selected for 
rapid growth from 9 wk of age through 100 kg (F'). Development of this line was 
described by Woltmann (1989) in a comparison ofF' and a line selected for slow 
postweaning growth (S) over the same period. The selection lines were replicated in 
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spring and fall farrowing groups. The spring group (SFG) farrowed from mid-March 
through April and the fall group (FFG) farrowed from mid-September th.rough 
October. Establishment of a base generation was accomplished by cross-classifying 
males with farrowing groups. Males born in the spring of 1984 sired the pigs born 
in the fall of 1985. Likewise, males born in the fall of 1984 were used to sire the 
pigs born in the spring of 1986. Females farowed in the same season as that in 
which they were born and both farrowing groups were again closed after this single 
cross-classification. 
Pigs born in the fall of 1985 and spring of 1986 represent the base generation 
for the FFG and SFG, respectively. The base generation was composed ofF' males 
and females. Males were randomly assigned to be allowed either ad libitum or a 
limited intake (83% of predicted ad libitum). Each intake group was composed of36 
males per farrowing group tested from 36 to 104 kg. The six fastest gaining boars 
under limited intake sired generation one of a line (L) in which selection was for 
increased daily gain from 36 th.rough 104 kg (ADG) at limited intake. The six 
fastest gaining boars under ad libitum intake sired generation one of a line (F) in 
which selection was for increased ADG at ad libitum intake. The F line was a 
continuation ofF', except that the period under which selection occurred changed 
from 9 wk of age th.rough 100 kg to 36 through 104 kg. Six average gaining boars 
from the ad libitum fed group sired generation one of an unselected control (C). 
All females were tested under ad libitum intake and average females from 
each litter were randomly assigned to either the C, F or L line. Lines were closed 
with the mating of the selected base generation males and females. 
Selection and Mana"ment 
Selection was practiced only on males from 36 kg through 104 kg. Barrows 
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and gilts were penned together by line and tested from 9 wk of age through 100 kg. 
Response to selection was measured in the barrows and gilts, thus response was 
measured over a slightly different range than that under which selection occurred. 
No intentional selection was made among females of any of the three lines. 
Management of the barrows and gilts is described in more detail below. 
A total of five generations of selection was practiced. Pigs born in the fall of 
1990 and the spring of 1991 represent the fifth generation of response. Boars and 
gilts were replaced after producing one litter, resulting in a generation interval of 1 
yr. Each line was maintained with six boars and 25 females. The replacements 
were selected from 36 males and 75 to 100 females tested per line (Table 1). One or 
two males per litter were randomly chosen for testing at 21 d of age and the 
remaining males were castrated. 
The growing-finishing barrows and gilts were housed in two acljacent 
confinement hams. All boars were tested in the same barn. Most of the barrows 
and gilts were tested in a second barn, but a few pens were contained in the same 
building as the boars. Mixed pens of barrows and gilts consisted of 16 to 18 pigs 
from the same line and all littermates were penned together whenever possible. The 
hams consisted of solid concrete flooring with a narrow flush gutter. Climate control 
consisted of modified sides that could be opened during warm weather, a mist 
cooling system and heaters. Pigs were moved into the barns at eight wk of age. 
Barrows and gilts were given a one wk adjustment period prior to beginning test at 
nine wk of age. Boars from the C and F lines were penned by line at 8 or 9 wk of 
age; individuals began test when they-reached an on-test weight of 36 kg (ONWT). 
Boars from the L line were placed in individual pens when they reached 31 kg, 
which allowed at least a one wk adjustment period prior to reaching ONWT. 
Barrows and gilts were switched from growing to finishing phase diets when 
the pen average weight was 54 kg. Growing phase diets were balanced to . 75% 
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TABLE 1 
NUMBER OF LITIERS BORN, BARROWS AND Gil.TS TESTED, PENS OF BARROWS 
Gil.TS TESTED AND CARCASS BARROWS SLAUGHTERED BY FARROWING GROUP-LINE-
GENERATION I 
I 
FARROW UNEb OBNERATION urra:RS BARROWS Gn.1S PENSc: CARCASS 
GROl.JPA BORN TESTED . TESTED BAUOWS 
FALL C 1 26 48 75 8 
2 22 25 87 7 
3 28 35 77 7 19 
4 26 38 91 8 21 
5 25 50 82 7 120 
F 0 47 100 186 17 I_ 
1 27 47 88 9 1-
2 28 64 84 9 I lis 3 27 38 100 9 
4 27 46 79 8 ]24 
5 26 44 84 8 !11 
L 1 26 42 95 9 
2 24 39 83 8 
3 27 43 86 8 ~ 4 23 36 92 8 
5 25 48 86 9 ~1 
SPRING C 1 24 46 89 9 
2 25 36 89 8 
3 27 40 89 9 120 
4 25 50 82 8 ~ 
5 26 69 98 10 ~ I . 
F 0 51 96 171 18 I-
1 25 39 88 8 I 
2 20 36 70 7 1: 
3 26 36 100 7 111 
4 26 44 84 8 115 
5 26 34 62 7 117 
L 1 23 36 90 8 
2 21 31 84 7 
3 25 54 74 8 ~ 4 26 48 86 8 
I 
5 26 43 82 8 ~ 
I 
aFall group farrowed from mid-September through October and spring group farrowed from mid-March 
through April. · 
bc=unse1ectec1 con1rol, F=selected for rapid growth under ad libiturn intake, L=selected for rapid wth 
under restricted intake. 
CPens consisted of 15 to 18 barrows and gilts from the same line. 
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lysine (about 15.5% crude protein) and finishing phase diets were balanced to .62% 
lysine (about 14.5% crude protein). Nutritional trials were superimposed on all but 
three of the generation-farrowing group (GFG) combinations. Each GFG contained 
a control corn-soybean diet and two or three experimental diets. The experimental 
diets may have varied slightly from the lysine and crude protein levels described 
above, depending on the nature of the nutritional treatment. All diets were 
assigned in a factorial arrangement with lines. 
After a pig in a given pen reached 100 kg, all individuals in that pen were 
weighed weekly. Individuals were removed from test the first wk they weighed at 
least 100 kg. Upon removal from test, backfat was measured at the first rib, last rib 
and last lumbar vertebrae using an A-mode ultrasonic instrument. The average of 
the three measurements was adjusted to 104 kg. Total pen feed consumption was 
also recorded for the growing and finishing phases. 
Two females were chosen as replacements from each litter when the first gilt 
from that litter was removed from test. The gilts within each litter were ranked 
highest to lowest based on weight and the two middle ranking females were kept as 
replacements. When an odd number of gilts occurred in a litter, the middle ranking 
gilt and the one that was nearest her in weight were kept. 
Boars from L were individually fed at a level that was 83% of predicted ad 
libitum intake. Predicted intake levels were based on feeding trails with barrows 
from the F' line (Woltmann et al., 1992). Feed restriction ofL boars began at 
ONWT. This limited level of intake eliminated most of the variation in average 
daily intake among L boars over the period which they were tested. The boars were 
fed the finishing diet described above, containing .62% lysine. 
Each generation 36 L males were tested, each in an individual pen that was 
approximately 6 m2. Boars were weighed weekly and intake levels were adjusted 
weekly based on the new weight. Daily gain (kg/d) was measured through the first 
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weekly weighing of 104 kg or greater (OFFWT). The six fastest gaining males were 
selected to sire the next generation. 
In all generations beyond the base, 36 C and F boars were also tested in each 
GFG. They were housed in pens of 12 and both lines were allowed ad libitum access 
to feed. Daily gain was measured over the same weight range as L. Each pen was 
weighed weekly until all boars within that pen reached ONWT. Boars were 
individually removed from test and backfat ultrasonically measured at OFFWT, as 
described for barrows and gilts. In F, the six fastest gaining boars were selected. 
While for C, the six average or middle ranking boars were selected. 
The C and F boars were all fed the control com-soybean meal finishing diet 
once all boars within that pen reached ONWT. Pen feed intake was measured from 
the time the last boar reached ONWT until all males were removed from test. Due 
to the weight range of the boars within a pen when the last boar reached ONWT 
( usually 15 to 25 kg), the feed intake data were of little value and is not directly 
comparable to L. The L boars were also fed the control finishing diet throughout the 
test period. Feed:gain and average daily intake were calculated based on weekly 
feed intakes and body weights for each boar. 
In the fifth generation additional information was taken at off-test. 
Movement and front-end soundness of barrows and gilts were subjectively scored by 
two independent scorers. A soundness score was given based on the shape of the 
front leg, angle of the shoulder and size of the toes. The movement score was based 
on relative freedom of movement and was evaluated independent of soundness. The 
scoring system used was adapted from Rothschild and Christian (1988). Possible 
scores for movement and structure ranged from 1 (unable to move) to 9 (ideal). For 
a more detailed description of the scores see Table 2. 
In situ testicle volume was measured for generation five boars. A caliper was 
used to measure length and width across both testicles at 150 days of age and 
TABLE2 
DESCRIPTION OF SOUNDNESS AND MOVEMENT SCORESa 
SCOREb DESCRIPTION OF FRONT-END SOUNDNESS 
I unable to get up due to poor front structure 
2 able to srand with much difficulty, unable to walk 
3 bent kneed, shoulder angle greater than 900, small and/or uneven 
toes 
5 straight front legs, average toe size, shoulder angle slightly greater 
than 900 
7 shoulder angle very near 900, sloping front leg (C-shaped), above 
average toe size 
9 ideal, large toe size, shoulder angle 900, sloping front leg 
aAdopted from Rothschild and Christian (1988). 
DESCRIPTION OF FRONT MOVEMENT 
unable to get up or move 
able to move only with help 
moves with severe resticition, very small sttides 
moves with a moderate degree of restriction, sttides somewhat 
small and choppy 
moves with little restricition, moderately long smooth strides 
ideal, no resticition, very long smooth strides 
bscores of 4, 6 and 8 are degrees of soundness or movement relative to the score either side of them. 
~ 
OFFWT. Testicular volume was estimated by (width/2)2 x length (Toelle et al., 
1984). 
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Boars and gilts retained as replacements were moved from the confinement 
barns to soil lots at OFFWT. Gilts were hand mated at approximately 8 months of 
age. Breeding records were kept to allow for the calculation of conception rate. 
Each male was generally mated to 4 or 5 females. A computer program that 
calculated the inbreeding coefficient of each individual and all potential matings was 
used to help avoid matings producing high levels of inbreeding. 
Due to the limit in farrowing facilities, females were bred until enough 
matings were made to fill the facility. A short break was taken before the next 
group was bred. A total of four groups were bred, generally over a 6 to 7 wk period. 
Within each group the number of C, F and L litters was kept as uniform as possible. 
Nutritional trials were also imposed on the gestating females during most of the 
GFG. Gilts were fed 2.3 kg daily during gestation and allowed ad libitum access to 
feed while nursing litters. 
Gilts were farrowed in crates on wooden floors. At approximately one wk of 
age the sow and litter was removed from the farrowing house to an individual 
nursery pen. Pen floors were solid concrete and each pen contained an indoor and 
outdoor area that allowed for sow and litter to be locked inside during cold weather. 
At three wk of age creep feed was made available to the piglets. At 42 d post-
farrowing the sow was removed and the litter remained in the nursery pen until 
being transfeITed to the growing-finishing barn at eight wk of age. Individual piglet 
weights were recorded at birth, 21 and 42 d of age. Females were weighed at 
breeding, 109 days of gestation and weaning. Table 1 summarizes the number of 
litters born each GFG. 
Carcass data were collected for generations 3, 4 and 5. One randomly 
selected barrow per litter was slaughtered after removal from test. A commercial 
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facility slaughtered the barrows and the right side of each carcass was trans rted 
to the Oklahoma State Meat Laboratory. Loin eye area, carcass length, quality 
scores, backfat measurements at the shoulder, last rib and las. t lum. bar -r and 
fat depth measurements at the tenth rib were collected. Each carcass was girn a 
subjective muscling score of 1 to 3 (l=thin, 2=average, 3=thick). The half carcass 
was broken down into the four major wholesale cuts of the ham, loin, boston Jutt 
I 
and picnic. Excess fat was removed and weights were taken on each of the cl~sely 
I 
trimmed wholesale cuts. Cutability was defined as the proportion of the closely 
I 
trimmed major wholesale cuts in the chilled carcass. 
The average of the three backfat measurements and loin eye area were 
I 
adjusted to 104 kg. Carcass grade was predicted by (4 x 10th rib backfat)- m~cle 
I 
score. In addition, total carcass lean was predicted using loin eye area, carcas~ 
! 
weight and fat depth (Grisdale et al., 1984). Lean gain per day on test was I 
estimated using the same three measurements plus on-test weight and days ob test 





Selection ditrerentials for ADG were calculated by deviating each seletd 
individual's record from the appropriate generation-farrowing group-line-sex 
subclass mean. Unweighted selection ditrerentials for each individual were 
proportionately weighted by the number of progeny that had an ADG record. re 
average weighted selection ditrerential for each farrowing group-line-sex subclass 
was added to the cumulative total from the previous generation (WCSD). BoJ and 
gilt differentials were calculated separately. The within subclass differentials were 
standardized by the within line phenotypic SD for ADG. 
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Statistical Analysis 
Traits examined from generations zero through five included birth weight 
(BW), 21-d weight (D21W), 42-d weight (D42W), ADG for the growing (DGl) and 
finishing period (DG2), and overall (00), probed backfat adjust.ed to 104 kg (APBF) 
and d to 104 kg (D104). Pen data included daily feed intake for the growing (Fil) 
and finishing period (FI2), overall daily feed intake (FI), feed efficiency for the 
growing (FGl) and finishing period (FG2) and overall feed efficiency (FG). Traits of 
the dam studied in generations zero through four included number born (NB), total 
litt.er weight at birth (LWB), number alive at 21 d (N21D), total litter weight at 21 d 
(LW21D), number alive at 42 d (N42D) and total litter weight at 42 d (LW42D). 
A number of traits were only studied in latt.er generations. These included 
the following carcass traits in generations 3, 4 and 5: backfat adjust.ed to 104 kg 
(ACBF), loin eye area adjusted to 104 kg (LEA), percent carcass lean (PLEAN), lean 
gain per day on test (LDG), carcass grade, cutability (CUT), length and marbling 
score (MSCORE). First and second service conception rat.e, defined as the 
percentage of gilts exposed to a boar that farrowed a litter, were analyzed as traits 
of the dam for generations 2, 3 and 4. Movement (MOVE) and structure (STRU) of 
barrows and gilts at OFFWT and testicular volume at 150 d of age (TV150) and off 
t.est (TVOT) were examined in generation five only. 
A number of statistical models were used to analyze the traits of interest. 
Refer to appendix Tables 30 through 38 for the sources of variation in each of the 
models. The effects of line, generation, farrowing group and sex were cross-classified 
variables when included in the model Superimposed experimental diets varied 
between generation-farrowing group subclasses and thus diet were considered to be 
nested within generation-farrowing group. The General Linear Models procedure in 
SAS (1985) was used. A full model was analyzed for each trait, but the final model 
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included only sources of variation that were considered statistically significant. All 
main effects and only the interaction effects that had significance levels less than 
0.20 were kept in the final model. All non-significant interactions (P>.20) were 
removed from the final model as sources of variation. The residual mean square 
error was used as the error term. 
Means for base generation traits of the pig were estimated separately, 
because C, F and L were established from a single base population. The effects of 
farrowing group, sex and diet and all appropriate interactions were included in the 
statistical model; however, the effect of sex was not included in the analyses of pen 
data. The final models used were determined as described above. The spring and 
fall farrowing group least-squares means were considered the base generation level 
of performance for all three lines. 
Analyses of trends over time are of the most interest for the traits that were 
collected each generation. Specific comparisons are of interest for those traits 
examined only in later generations. Comparisons of interest within each farrowing 
group were C vs. F, C vs.Land F vs. L. These comparisons were non-orthogonal 
and were tested using Bonferroni t statistics (Gill, 1986). 
Movement and structure scores collected in generation five were arbitrarily 
grouped into three soundness classes. A pig was considered unsound if assigned a 
score less than 5, moderately sound for scores of 5 and 5.5 and sound if given a score 
of 6 or greater. A chi-square analysis (SAS, 1985) was performed to test for the 
independence of soundness class and line. Movement was averaged over farrowing 
group since the interaction of line and farrowing group was non-significant (P=.68), 
but within farrowing group analyses were performed for structure. In addition, 
phenotypic partial correlations across farrowing group were calculated between DG, 
APBF, MOVE and STRU. 
Regression methods were used to estimate realized response per WCSD and 
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generation, except those measured only in specific generations. Generation-line-
farrowing group least-squares means from analysis of the final models were used as 
the measurements of response. Contemporary group environmental effects were 
corrected for by deviating the select from the control line least-squares means. 
Response was estimated by regressing the response deviation on one-half of the 
male WCSD or generation (Falconer, 1989). The WCSD was not corrected for 
contemporary group effects in either F or L due to the lack of a limit-fed control. In 
addition, unintentional gilt selection was not accounted for in the regressions 
because of the intake level differences between L-line boars and gilts. Response was 
analyzed both within and across farrowing group. The presented standard errors 
are regression estimates from the across farrowing group analysis. These standard 
errors do not account for genetic drift and thus may underestimate error (Hill, 
1972). 
Realized co-heritabilities between DG and the other traits are standardized 
measures of correlated response (Yamada, 1968). They are equal to hoahCTI"A, 
where hDG and hCT are the square roots of heritability for DG and the correlated 
trait, respectively. The genetic correlation between DG and the correlated trait is 
represented by r A· Co-heritabilities were calculated by standardizing the across 
farrowing group regression coefficients of the correlated trait on WCSD. The 
regressions were standardized by multiplication of the coefficients by the ratio of the 
phenotypic SD ofDG to the SD of the correlated trait. For pen data (FG, FGl, FG2, 
FI, Fil, FI2) the phenotypic SD was actually a standard error. This is because a 
pen observation is a mean of 16.3 pigs (average number of pigs per pen). The root 
mean square, which was used to estimate the phenotypic standard error, was 
multiplied by the square root of 16.3 to estimate the SD. After correction, the SD 
estimates for FG and FI agree closely with estimates of individually fed pigs at the 
same research station (Woltmann, 1989). Standard errors of the co-heritabilities 
were es~ated by standardizing the standard errors for the across generation. 
regressions using the same procedures. The estimates of the co-heritabilities 
standard errors do not account for genetic·drift. 
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Response to selection for traits contributing directly to LTGR and LTFf was 
also quantified by a point estimate in generation five. A within generation five 
least-squares analysis was performed on DG, APBF, FG and FI. The models rt for 
each trait were equivalent to those described above with the exception that tlie 
effects or generation were not included. Reler to appendix Table 34 fur the s~ 
sources of variation. The least-squares means for line were contrasted to determine 
line differences (SAS, 1985 ). I 
Results and Discussion I 
Inhreedine: 
Response to selection was not corrected for inbreeding. The level of 
inbreeding remained relatively low during the study (Table 3). In addition, I 
differences in actual inbreeding levels remained small between the control and 
selected lines within each generation. Generation five barrows and gilts from all 
three lines had average inbreeding levels that were below 10% for the SFG ,d 
FFG. Inbreeding coefficients at this relatively low level will only slightly depjss 
ADG (Johnson, 1990). For each inbreeding increase of 10% in the pig daily gain is 
expected to decrease by .023 kg/d and the inbreeding level of the dam has no Jtrect 
on gain. 
Inbreeding accumulation is expected to increase at a rate of about 2.5% per 
generation based on an effective population size or 19 (6 males and 25 ~). 
Generation five inbreeding is 3 to 5% below the expected level, mainly due to the 
method of mating used to avoid inbreeding. However, most of the advantage k 
TABLE3 
PERCENT INBREEDING FOR THE TESTED BARROWS AND Gll.TS AND AND FEMALES 















































































I 7.49 5.27 I 
47 
aFall group farrowed from mid-September through October and spring group farrowed from midlMarch 
through April. I 
bc=unselected conuol, F=selected for rapid growth under ad libitum intake, L=selected for rapid[ growth 
under restricted intake. 
*Females from previous study were use to form the base generation, predicted inbreeding based on 
effective population size is 7.2% for the fall farrowing group and 9 .0% for the spring farrowing group. 
48 
lowered inbreeding was the result of the first two generations when inbreedin could 
be avoided. For the final three generations inbreeding increased at a rate veey near 
the predicted rate. I 
Means for performance characteristics of C, F and L boars are presen din 
I 
Table 4. Daily intake and feed:gain are not given for C and F due to the me~od of 
I 
I 
placing boars within a pen on test. On-test dates within a pen varied as much as 3 
I 
! 
to 4 wk. This often resulted in a weight range of 20 kg or more when meas~ment 
I 





Daily intake levels of L boars were constant across farrowing group an'1 
i 
i 
generations (Table 4). The level of restricted feeding employed eliminated m~t of 
the variation in daily intake over the weight period which restriction occurreJ 
indicating the level to which boars were restricted was sufficient. The variatiJm that 
did exist resulted from occasional refusals by a small number of boars and to ime 
! 
extent difl'erences in the time and weight range over which boars were tested. I 
Daily lysine intake for L boars was below recommended levels (NRC, 1~88) 
. I 
. I 
throughout most of the test period (Figure 1) due to the restricted level of intake 
imposed and the relatively low lysine content of the diet. They graphed I 
I 
requirements represent those of barrows and gilts. These daily requirements jwould 
be even higher for boars of the same genetic line. The low level of lysine and/dr 
protein in the L boar diet may have not provided an adequate nutritional 
environment to allow lean growth variation to be fully expressed. Thus potential 
response to selection for lean growth may have not been fully realized. J 
The breeding objective in L was LTFC, utilizing a method ofrestrictio that 
49 
TABLE4 

















































































































































aFall group farrowed from mid-September through October and spring group farrowed from mid.!March 
through April. 
bc=unselected control, F=selected for rapid growth under ad libitum intake, L=selected for rapid growth 
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can be best described as a weight-scale feeding system, since boars were scale fed 
over a weight constant range of 36 to 104 kg. Fowler et al. (1976) suggested a time-
scale feeding system and McPhee et al. (1988) used this method to select for 
increased weight of ham lean. Under the time-scale method all pigs are given the 
same amount of food over a time constant period, thus the daily intake level allowed 
is determined by time on test. In contrast, the daily ration of food is determined by 
the weight of the pig when using the weight-scale system. Variation in t.otal food 
intake while on test is not eliminated using the weight-scale method, however, 
variation relative to body weight is removed. 
The most efficient individuals will be selected under both the weight- and 
time-scale methods. Examining the ratio of feed:gain over the entire test period, one 
component is constant in each method. The time-scale system holds total food 
intake constant, resulting in a perfect correlation between gain and efficiency. The 
weight-scale system keeps total weight gain while on test nearly constant, allowing 
for some variation due to the method of initiating and ending test. Those that gain 
most rapidly will be on test for a shorter period and thus consume less total feed. 
The correlation between gain and efficiency is expected to be high, but not perfect as 
is the case of the time-scale method. A high inverse relationship was seen in the L 
line means for DG and FE in both farrowing groups (Table 4). 
The relationship between lean growth and lean growth efficiency under scale 
feeding is very similar to the relationship that exists between total body growth and 
efficiency. To better understand this relationship the ratio of feed:lean gain must be 
examined. Feed remains constant for the time-scale feeding method, thus ranking 
individuals on lean growth is equivalent to ranking them on lean efficiency . The 
relationship under the weight-scale method utilized in the present study is slightly 
more complicated. Neither feed nor lean gain are constant; however, body weight 
gain remained nearly constant. The strength of this relationship is dependent on 
52 
the correlation between body weight gain and lean gain under the limited intake 
level. This correlation is expected to increase utilizing a standardized intake 
because lean deposition is more efficient than fat deposition, thus those gaining body 
weight more rapidly are gaining lean at a faster rate. 
Gilt ADG and backfat were measured under ad libitum intake from 9 wk of 
age through 100 kg in C, F and L (Table 5). Intake and efficiency of the gilts cannot 
be calculated since barrows and gilts were penned together for testing. Two gilts 
from each litter that were representative for growth rate were selected as potential 
replacements. Thus, any selection pressure placed on the females was 
unintentional. This was reflected in the small deviations of those selected to be 
potential replacements from their contemporary group means (Table 5). However, 
the deviation of those females producing the next generation unweighted (Table 6) 
or weighted (Table 7) by the number of offspring they contributed to that generation 
was larger in most subclasses. Thus unintentional selection took place from the 
time potential replacements were selected to when the gilts became pregnant. This 
small amount of selection suggests gilts that gained more rapidly tended to reach 
sexual maturity earlier and thus were more likely to be mated and conceive. 
Selection 
Selection was intentionally practiced only in F and L boars. Within 
generation unweighted and weighted deviations are presented in Tables 6 and 7, 
respectively. Each deviation or individual selection differential was weighted by the 
number of offspring out of that boar or gilt that had a DG record the following 
generation. Weighted and unweighted deviations were numerically similar for all 
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TABLES 
LEAST-SQUARES MEANS FOR PERFORMANCE CHARACTERISTICS OF Gil.TS BY 
FARROWING GROUP-LINE-GENERATION . I 
UNEb 
I 
FARROW GENERATION DAll.YGAIN DEVIATION (KG/D) OF AllJUS1ED 
GROlJPA TIIOSE SELECTED AS BACKFATi(c:m) 
REPLACEMENTSc 
FALL C 1 0.85 0.002 3.09 
2 0.83 -0.007 3.18 
3 0.90 0.018 2.98 
4 0.89 0.038 2.84 
5 0.87 3.01 
F 0 0.82 3.15 
1 0.84 0.006 3.06 
2 0.84 -0.006 3.28 
3 0.89 0.016 2.97 
4 0.90 -0.018 2.92 
5 0.86 3.13 
L 1 0.82 0.003 3.10 
2 0.81 0.014 3.15 
3 0.82 0.018 2.77 
4 0.84 -0.042 2.55 
5 0.81 2.90 
SPRING C 1 0.85 0.001 3.41 
2 0.79 0.007 3.38 
3 0.84 0.008 3.30 
4 0.80 0.008 3.43 
5 0.85 3.59 
I 
F 0 0.85 3.24 :
1 
1 0.87 -0.006 3.531 
2 0.81 0.007 3.24 
3 0.88 -0.004 3.11 I 





L 1 0.84 0.000 3.411 
2 0.81 0.015 3.26 I 
3 0.86 0.006 3.13 
4 0.88 -0.013 3.17 
5 0.87 3.32 
8Fall group farrowed from mid-September through October and spring group farrowed from mid-March 
through April. I 
bc=unselected conttol, F=selected for rapid growth under ad libitum intake, L=selected for rapid growth 
under restricted intake. I 
CToe deviation of those selected as potential replacement females versus the average of all females. 
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TABLE6 
UNWEIGHTED CUMULATIVE SELECTION DIFFERENTIALS BY FARROWING GROUP-LINE 
. . . . . . . . . . . . . . I 
FARROW UNEb GENER- UNWBIGH1ED UNWEIGH1ED CUMULATIVE CUMUUTIVE 
GROUP8 ATION'= DEVIATION -
I 
DEVIATION SELECTION SELm'l10N 
MALE 
. I 
FEMALE DIFFERENTIAL DIFFERENTIAL 
FEMALE M,u.E 
I 
FALL C 0 0.004 -0.020 0.004 -0.~ 
1 0.021 -0.006 0.025 -0.026 
2 0.023 0.016 0.048 
I 
-0.010 
3 0.032 0.006 0.080 
I 
-0.004 
4 0.031 -0.009 0.111 -0.013 
i 
F 0 0.013 0.101 0.013 0 •• 01 
1 0.019 0~145 0.032 0.246 
2 0.038 0.111 0.070 0.357 
3 0.019 0.133 0.089 o.490 
4 -0.025 0.127 0.064 0.617 
L 0 0.007 0.036 0.007 o.d36 
1 0.005 0.062 0.012 
I 
0.Q98 
2 0.019 0.044 0.031 0.1~2 
3 0.023 0.054 0.054 o.i:96 
4 -0.041 0.052 0.013 0.248 
I 
I 
SPRING C 0 -0.007 0.018 -0.007 o.q18 
1 0.002 0.014 -0.005 0.032 
2 0.019 0.004 0.014 0.()36 
3 0.004 0.022 0.018 o.q5s 
4 0.007 0.046 0.025 0.104 
I 
F 0 0.018 0.153 0.018 0.1,3 
1 0.018 0.130 0.036 0283 • I 
2 0.006 0.110 0.042 0.3~3 
3 0.016 0.121 0.058 o.s114 
4 0.031 0.142 0.089 0.656 
I 
L 0 0.020 0.036 0.020 0.006 
1 0.004 0.073 0.024 0.1()9 
2 0.038 0.054 0.062 0.1~ 
3 0.005 0.059 0.067 0.222 
4 -0.008 0.058 0.059 0~ 
aFall group farrowed from mid-September through October and spring group farrowed from midlMarch 
through April. • 
bC=unselected conttol, F=selected for rapid growth under ad libitum intake, L=selected for rapid growth 
under reslricted intake. 
CGeneration represents the amount of selection that occurred in the sow. 
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TABLE7 
WEIGHTED CUMULATIVE SELECTION DIFFERENTIALS BY FARROWING GROUP-LINE 
. . . . I 
FARROW LINEb GENER- WEIGHTED WEIGHTED CUMULATIVE CUMUJ.JATIVE 
GROW- ATIO~ DEVIATION DEVIATION SELECTION 
I 
SEl..EqI10N 
FEMALE MALE DIFFEREN11AL 
D~ 
FEMALE 
FALL C 0 0.021 
I 
-0.020 0.021 -0.020 
1 0.033 -0.008 0.054 -0.tjls 
2 0.034 0.016 0.088 -0.012 
3 0.035 0.007 0.123 
I 
-O.Q05 
4 0.029 -0.004 0.152 -0.009 
I 
F 0 0.017 0.107 0.017 0.107 
1 0.021 0.143 0.038 0.250 
2 0.037 0.110 0.075 0.360 
3 0.023 0.131 0.098 0.491 
4 -0.030 0.128 0.068 0.619 
L 0 0.000 0.036 0.000 0.0~6 
1 0.000 0.064 0.000 O.lpo 
2 0.016 0.046 0.016 0.1;46 
3 0.024 0.055 0.040 O.lpl 
4 -0.040 0.052 0.000 o.~3 
i 
SPRING C 0 0.001 0.006 0.001 O.op6 
1 -0.007 0.013 -0.006 0.0:19 
2 0.015 0.003 0.009 0.022 
3 0.009 0.022 0.018 O.OiW 
4 . 0.012 · . 0.050 0.030 0.094 
I 
F 0 0.010 0.158 0.010 0.158 
I 
1 0.011 0.121 0.021 0.2j19 
2 0.001 0.108 0.022 0.387 
I 
3 0.014 0.121 0.036 0.5~ 
4 0.035 0.154 0.071 0.662 
L 0 0.028 0.037 0.028 0.0~7 
1 0.000 0.069 0.028 0.1()6 
2 0.032 0.057 0.060 0.163 
I 
3 0.006 0.064 0.066 o.~1 
4 -0.011 0.054 0.055 o.~1 
8Pall group farrowed from mid-September through October and spring group farrowed from mid~March 
through April. . i 
bc:unselected conttol, F=selected f(){ rapid growth under ad libitum intake, L--selected for mpidl growth 
under restricted intake. 
COeneration represents the amount of selection that occuned in the sow. 
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generation-farrowing group-line subclasses. Male and female WCSD are presented 
separately (Tables 6 and 7). Total unintentional selection in the gilts was zero for L-
FFG and was about 10% of the male WCSD for L-SFG, F-FFG and F-SFG. 
Unintentional female selection was not accounted for in the WCSD used in the 
regressions that measured response per WCSD (e.g., Table 13). Because of the 
differences in allowed intake level between L boars and gilts the measured 
unintentional selection cannot be assumed to be a direct function of the standard 
limited intake under which the males were selected. 
Weighted differentials were at least twice as high in F, as compared to L 
I 
(Table 7); however, the phenotypic SD for DG under ad libitum intake was twice as 
large as the SD under the restricted level employed. When standardized, the 
relative amount of total selection realized was similar across line and farrowing 
group (Table 8). The standardized male WCSD were 6.8, 7.3, 5.5 and 6.1 for F-FFG, 
F-SFG, L-FFG and L-SFG, respectively. Total realized selection was assumed to be 
one-half of the standardized WCSD, since unintentional female selection was not 
accounted for. Similar differences in variation due to feeding level have been 
reported in mice. The phenotypic variation for weight gain was 2.5 times higher in a 
line selected under ad libitum intake, as compared to a line selected under a 
restricted intake (Hetzel and Nicholas, 1982) and the cumulative selection 
differential for gain was 50% higher in a line selected under ad libitum intake 
(McPhee and Trappett, 1987). 
Measurement of response 
Least-squares means are presented by farrowing group-line-generation for 
barrow and gilt growth rate and probed fat (Table 9), pen intake and efficiency 
(Table 10) and individual pig weight (Table 11). The corresponding probability 
57 
TABLES 
























































































































































































astandardized by the within line phenotypic standard deviation of .046 for L boars and .091 for ct and F 
boars and a11 gilts. I 
bpa11 group farrowed from mid-September through October and spring group farrowed from mid-March 
through April. 
CC=unselected conttol, F=selected for rapid growth under ad libitum intake, L=selected for rapi growth 
under restricted intake. 
doeneration represents the amount of selection that occmred in the sow. 
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TABLE9 
LEAST-SQUARES MEANS FOR GROWTH RATE AND BACKFAT1lllCKNESS OFB1°WS 
AND GR.TS BY FARROWING GROUP-LINE-GENERATION 
. - . . 
FARROW UNEb GENERATION DAILY DAILY DAILY ADJUS'IED DrK: GROUP8 GAIN GAIN GAIN BACICFAT 
GROWC FINISJIC (cm) 
I 
FALL C 1 0.85 0.78 0.90 3.15 I 1162.7 
2 0.84 0.77 0.90 3.25 1r,.4 
3 0.90 0.84 0.96 2.99 1 7.2 
4 0.91 0.82 0.99 2.95 159.2 
5 0.89 0.80 . 0.97 3.04 160.2 
i 
F 0 0.83 0.79 0.89 3.21 168.7 
1 0.85 0.79 0.90 3.07 164.1 
2 0.86 0.79 0.92 3.35 163.1 
3 0.91 o~84 0.97 3.07 1~7.6 
4 0.91 0.81 1.00 3.09 1~7.6 
5 0.88 0.83 0.93 3.22 161.6 
0.85 0.79 0.90 3.12 
I 
L 1 1~.1 
2 0.84 0.76 0.92 3.28 1~7.2 
3 0.85 0.77 0.93 2.98 1~.4 
4 0.85 0.76 0.95 2.74 1~.9 
5 0.84 0.78 0.90 3.11 167.2 
SPRING C 1 0.87 0.77 0.96 3.48 1b1.o 
2 0.81 0.73 0.87 3.49 169.3 
3 0.86 0.79 0.92 3.46 158.8 
4 0.82 0.78 0.86 3.58 1~7.2 
5 0.86 0.79 0.92 3.74 162.0 
' 
F 0 0.85 0.74 0.96 3.30 163.9 
1 0.88 0.79 0.96 3.63 1~.2 
2 0.84 0.76 0.91 3.38 
I 
1~.3 
3 0.89 0.79 0.97 3.29 1~5.7 
4 0.90 0.82 0.96 3.46 1~9.3 
5 . 0.94 0.87 1.02 3.59 152.7 
I 
L 1 0.85 0.83 0.93 3.56 1~3.3 
2 0.82 0.73 0.91 3.29 168.2 
3 0.87 0.78 0.95 3.25 158.2 
4 0.88 0.81 0.95 3.29 159.6 
5 0.88 0.82 0.94 3.47 157.4 
8F'all group farrowed from mid-Sept.ember through October and spring gr:oup farrowed from mid-Maleh 
through April. 
bc=unselected conttol, F=selected for rapid growth under ad libitum inlake, L=selected for rapid growth 
under resuicted inlake. 
COrow=growing phase from 9 weeks of age through 54 kg, finish=finishing phase from 54 througJI 100 
- I Standard enors ranged from .007 to .010 for daily gain, .011 to .014 for daily gain grow, .009 to .014 for 
daily gain finish, .031 to .047 for adjusted backfat and 1.08 to 1.58 for days to 104 kg. 
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TABLE 10 
LEAST-SQUARES MEANS FOR PEN FEe0 INTAKE AND EFFICIENCY OF BARROWS AND 

























































































































































































































































8Fall group farrowed from mid-September through October and spring group farrowed from mid-March 
through April. I 
bc=unselected control, F=selected for rapid growth under ad libiwm intake, L=selected for rapid growth 
under restricted intake. · I 
COrow=growing phase from 9 weeks of age through 54 kg, fmish=finishing phase from 54 through 100 
kg. 
Standard eITOrs ranged from .031 to .037 for feed:gain, .045 to .054 for feed:gain grow •• 065 to .0 · 4 for 
feed:gain finish, .044 to .053 for daily intake, .050 to .061 for daily intake grow and .065 to .078 for 
daily intake finish. 
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TABLE 11 
LEAST-SQUARES MEANS FOR PIG WEIGHTS BY FARROWING GROUP-LINE-GENERATION 
I 
I 
FARROW GROUP' LINEb GENERATION BIR.nl WEIGHT 21-DA Y WEIGHT 42-DAY~IGHT 
FALL C 1 1.60 4.92 11164 
2 1.57 4.94 9[89 
3 1.64 5.26 111.28 
4 1.57 5.04 1d.21 
5 1.64 5.21 9l98 
F 0 1.46 4.93 1d.73 
1 1.54 4.91 11l22 
I 
2 1.50 5.08 10ll8 
3 1.67 5.51 10l82 
4 1.54 5.00 1olo8 
5 1.53 5.29 10l24 
I 
L 1 1.62 4.91 10189 
2 1.41 4.74 9;39 
3 1.50 4.58 8l78 
4 1.45 4.90 9~40 
5 1.48 5.11 9165 
SPRING C 1 1.53 5.14 1ol11 
2 1.51 5.03 10157 
3 1.63 5.42 11Js3 
4 1.68 5.57 10J74 
5 1.57 5.28 10J03 
F 0 1.64 5.40 11h8 
1 1.50 5.10 10J95 
2 1.53 5.30 
I 
10190 
3 1.48 5.54 11J33 
4 1.43 5.13 I 9.~ 
s 1.50 4.84 10.:45 
' 
L 1 1.51 4.91 10.68 
2 1.59 5.02 10.186 
3 1.61 5.42 11.~3 
4 1.59 5.32 10.32 
s 1.64 5.44 10.~0 
8Fall group farrowed from mid-September through October and spring group farrowed from mid~March 
through April. I 
bc=unselected control, F=selected for rapid growth under ad libitum intake, L=selected for rapid growth 
under restricted intake. I 
Standard errors ranged from .019 to .023 for birth weight, .071 to .090 for 21-day weight and .163 to .203 
for 42-day weighL 
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levels for the final statistical models are presented in appendix Tables 30, 31 and 32, 
respectively. The three way interaction of line x generation x farrowing group was 
not significant for all traits; however, the subclass least-squares means were the 
measurements used to quantify response. The select-line means were deviated from 
the corresponding C-line mean and regressed on WCSD (Table 13) or generation of 
selection (Table 15). 
Component traits 
Response to selection was quantified with generation five point estimates for 
traits that contribute directly to LTGR and LTFC (Table 12). The regressions of 
response on WCSD for DG, APBF, FG, and FI are presented in Table 13. The three 
comparisons of interest were response in each of the select lines (F vs. C and L vs. C) 
and a direct comparison of the two select lines (F vs. L). 
Response in the four component traits differed between F and L. Daily gain 
and FI were higher in F than in C (P<.05) by .05 and .11 kg/d, respectively (Table 
12). Corresponding with the generation five estimates were significantly positive 
across-group regressions for DG (P<.07) and FI (P<.05). However, generation five 
differences between F and C not significant for APBF and FG. Also, the 
corresponding regressions of response for APBF and FG on WCSD were not 
significant (Table 13). Selection under the restricted intake level had opposite 
effects on these four traits, as compared to selection under ad libitum intake. 
Improvements relative to C were significant (P<.05) for APBF and FG, but 
differences were non-significant for DG and FI (Table 12). Likewise, across-
farrowing group regressions were significant only for APBF.and FI (Table 13). 
The result of improved gross efficiency for the present study's standard 
limited line agrees with findings in the mouse (Hetzel and Nicholas, 1986; McPhee 
62 
TABLE 12 
GENERATION FIVE LEAST-SQUARES MEANS FOR COMPO. . NENT 1RAITS OF LEAN rSSUE 
GROWTH RATE AND LEAN TISSUE FEED CONVERSION BY LINE 
6 . 
DAILY GAIN 0.87a 0.92 0.~ 
ADJUSTED BACKFAT (cm) 3_3ga 3.42a 3.26! 
f'EEI>:GAIN 3.07ab 3.08a 3.01 r 
DAILY INTAKE 2.6621 2.77b 2.56' 
ac=unse1ected control, F=selected for rapid growth under ad libitum intake, !.=selected for rapicl growth 
under restricted intake. . I 
Columns with different subscripts are signif1C81ldy different (P<.05). I 
Standard enors were .006 for daily gain for all three lines and ranged from 269 to .299 for adjusted 









DAILY GAIN GROW 
DAILY GAIN FINISH 
ADJUSTED BACKFAT (an) 





DAILY INTAKE GROW 
DAILY INTAKE FINISH 
BIRTIIWEIGHT 
21-DA Y WEIGHT 
42-DA Y WEIGHT 
NUMBERBORN 
NUMBER 21 DAYS 







































TOTAL WEIGHT21 DAYS -6.61 -56.90* 
aRegression across farrrowing group. 
+Regression tended to be significant (P < .10). 
"'Regression significant (P < .05). 























































































STANDARDIZED8 REGRESSION OF TRAIT ON CUMULATIVE SELECTION DIFFERENTIAL BY 
LINE I 
LINE I 
CORRELATED 'IRAlT F L 
DAILY GAIN GROW .07±.03 -.10:l:.l l 
DAILY GAIN FINISH .11:1:.06 .01±.17 
ADJUSTED BACKFAT (c:m) 0:1:.01 -.03±.01 
DAYS TO 104 KG -.10:l:.04 -.05±.18 
FEED:GAIN 0:1:.08 -.28±.12 
FEED:GAIN GROW -.01±.02 -.07±.09 
FEED:GAIN FINISH .02±.03 -.11±.09 
DAILY INTAKE .13±.03 -.21±.22 
DAILY INTAKE GROW .05±.02 -.11 ±.08 
DAILYINTAKEFINISH .05±.02 -.05±.07 
BIRTIIWEIGHT -.09:t.06 -.16:1:.12 
21-DAYWEIGHT -.06±.05 -.01±.11 
42-DAY WEIGHT 0:1:.05 0:1:.16 
NUMBERBORN -.09±.10 -.10:l:.15 
NUMBER 21 DAYS -.19±.11 -.35±.25 
TOTAL WEIGHTBIRTII -.17±.08 -.23±.20 
TOTAL WEIGHT21 DAYS -.25±.13 -.31±.22 
&standardized by the ratio of phenotypic standard deviation of ad libitum daily gain to the COirelated 
~ . I 
TABLE 15 
REGRESSION OF TRAIT ON GENERATION BY FAR.ROWING GROUP-LINE 
1RAIT 
DAU. Y GAIN 
DAILY GAIN GROW 
DAU. Y GAIN FINISH 
ADJUSTED BACKFAT (cm) 




DAU. Y INTAKE 
DAU. Y INTAKE GROW 
DAU. Y INTAKE FINISH 
BIRTII WEIGHT 
21-DA Y WEIGHT 
42-DA Y WEIGHT 
NUMBERBORN 











































TOTAL WEI0HT2l DAYS -0.452 -3.726* -2.09±1.02+ 
aRegression across farrowing group. 
+Regression tended to be significant (P < .10). 
*Regression significant (P < .05). 



































































and Trappett, 1987) and in the pig (McPhee et al., 1988). However, ad libitum gain 
in the same two studies was improved under a limited intake level, constrasted to no 
response in the present study. 
The decrease in ad libitum feed intake was in agreement with one mouse 
study (McPhee and Trappett , 1987), but differed from another that reported no 
intake change (Hetzel and Nicholas, 1986). In contrast, a line of pigs selected for 
increased ham weight under a restricted intake had increased ad libitum intake. 
These constrasting results may be due to selection for different traits. Selection 
pressure was likely placed on lean gain efficiency in the present study; however, 
selection for increased ham weight under a restricted intake probably placed more 
pressure on lean tissue gain. The favorably response in feed:gain as the result of 
selection under a standard limited intake is in agreement with the mouse (Hetzel 
and Nicholas, 1986; McPhee and Trappett, 1987) and pig (McPhee et al., 1988). 
Directly comparing F and L, DG and FI were higher (P<.05) in F and APBF 
and FG were more favorable (P<.05) in L. The only direct comparisons of selection 
under the two feeding levels are in lines of mice selected for increased 21 to 42 d wt 
under either ad libitum or restricted feeding. An ad libitum line was faster growing, 
more efficient, had a higher daily intake and deposited fat more rapidly compared to 
a line selected under restricted feeding (McPhee and Trappett, 1987). However, the 
restricted line was more efficient at depositing food as lean gain. 
Selection under the ad libitum and the standard limited intake resulted in 
heritable variation for component traits of LTGR and LTFC being exploited 
differently. Response in the worth of traits under the two methods is contingent on 
economic values and thus will depend on production costs and the value of the 
carcass. As an example, use the following as economic values; $1/.25 cm for backfat, 
$1.25/ .1 improvement in efficiency and $2.25/.1 daily gain. If generation five line 
differences are compared using these values then an L pig is worth about $.25 more. 
The restricted level will become worth more in relative value as more emphasfs is 
I 
placed on efficiency and carcass lean. In other words, selection under a restri~d 
I 
level places more emphasis on the efficiency of lean growth. ' 
Growth and ultrasonic backfat remssions 
The regressions of response on WCSD are presented within and across i 
farrowing group in Table 13. Response often differed between the two farro~ 
groups. However, this discussion will focus on the across farrowing group 
regressions. 
The magnitude of each regression is dependent on the variance of the 
correlated trait, as compared to DG. The across farrowing group regression 
' 
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coefficients were standardized by the ratio of phenotypic SD of DG to the co~lated 
trait (Table 14). These estimates of co-heritability allowed for a more equitab~e 
comparison of response relative to the other traits. 
Response to selection for DG under ad libitum intake tended to be significant 
i 
(P<.10). The realized heritability estimate of .13~.06 (Table 13) was similar t+ 
i 
estimates of .20 reported by Rahnefeld and Garnett (1976) and Fredeen and l\lfikarni 
I 
(1986e) as the result of selection for increased postweaning growth rate. High~ 
! 
estimates were reported by Woltmann et al. (1992) (.37 and .38) as the result ~ 
I 
I 
divergent selection for postweaning growth rate. The great.er realized respons~ in 
. I 
this study may be due to the period over which selection occurred or because I 
: 
selection pressure was placed in both an upward and downward direction. Siifilar 
1 
realized heritabilities were also reported as the result of selection for increased 
weight at 200 d by Kuhlers and Jungst (1991a) (.18) and Kuhlers and Jungst I 
(1991b) (.26) in a Duroc and Landrace line, respectively. 
In L, a non-significant response for growth of -.04 was seen (Table 13). This 
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is not a measure of realized heritability, rather a correlated measure, because the 
nutritional environment under which L boars were selected differed from the ad 
libitum environment under which response was measured in barrows and gilts. A 
negative estimate of response is possible since direct response was not measured. 
However, measurement of response to selection for growth was of secondary interest 
and line comparisons of component traits for LTFC and LTGR were of primary 
interest. The correlated responses of pigs fed under ad libitum intake and selected 
under a method of limit feeding is also of practical significance, since market 
barrows and gilts are not commonly limit fed in the U.S. swine industry. 
Falconer (1952) expressed the interaction of two nutritional environments as 
a genetic correlation between two distinct traits. Thus the directional change in ad 
libitum fed L pigs was dependent on the genetic correlation between gain under ad 
libitum and restricted intake levels. The only justification for selection under an 
environment different from that in which the animal is expected to perform would 
be an increased heritability in the parental environment (Falconer, 1952). 
Heritability must compensate upward as the genetic correlation between two traits 
or environments weakens. Weak to moderate realized genetic correlations of .28 
(Hetzel and Nicholas, 1986) and .54 (McPhee and Trappett, 1987) resulting from 
selection under ad libitum and a standardized level of intake were reported in mice. 
Fowler and Ensminger (1960) reported a stronger realized genetic correlation of. 70 
between a line of pigs selected under ad libitum intake and one selected under 70% 
of ad libitum. 
Direct response under the same nutritional environment under which 
selection occurred could only be estimated for L using boar data. The regression of 
generation mean on WCSD resulted in realized heritability estimates of .29 and .16 
for SFG and FFG, respectively. These are comparable to realized heritability 
estimates of .19 (Hetzel and Nicholas, 1986) and .33 (McPhee and Trappett, 1987) 
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reported in lines of mice selected under restricted intake. McPhee et al., (1988) 
reported a realized heritability of .43 in a line of pigs, as the result of selecting for 
increased ham weight under restricted feeding. Progress per generation was 
estimated to be .017 and .008 for the SFG and FFG, respectively. Caution should be 
taken since the estimates from the present study were derived with no limit-fed 
control and the generation means were from only 36 boars within each farrowing 
group. 
In the SFG, a majority of the F and L response in 00 was the result of a 
correlated increase in DG2 (Table 13). Growth rate from 154 to 200 days accounted 
for much of the increase in 200-d weight (Kuhlers and Jungst, 1991a). This 
correlated response may be related to the difference between weight ranges in which 
boars were selected and response was measured. Boars from both lines were 
selected over a weight range of36 to 104 kg. Response was measured in the 
barrows and gilts from 9 wk of age (approximately 20 kg) through 100 kg. Boars 
were not selected over the weight range that included the first half ofDGl which 
may explain the smaller amount of response during the growing period. 
Correlat.ed changes in D104 mirrored 00 response in both lines and 
farrowing groups (Tables 9, 13 and 14). A co-heritability (Table 14) nearly as high 
for D104 as the realized heritability in F (-.10 versus .13) indicates that selection for 
D104 would have been nearly as effective in changing DG as direct selection. 
Response in APBF of the F line was significant , but opposite in direction in 
FFG and SFG (Tables 13 and 15). This resulted in an across farrowing group co-
heritability of O (Table 14). In L, a significant decrease in APBF was seen in the 
across farrowing group regression. A line of pigs select.ed for increased growth rate 
became less fat relative to controls, but a line select.ed for decreased fat did not 
improve in growth rate (Fredeen and Mikami, 1986e). Duroc and Landrace lines 
selected for increased 200-d weight each increased in backfat thickness at a constant 
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age of200 d (Kuhlers and Jungst, 1991ab). However, when backfat was adj I ted to 
a constant weight this difference was removed. Woltmann (1989) reported a line 
I 
selected for increased growth had 15.8% more backfat than a line selected forl 
' I
I 
decreased growth when both were allowed ad libitum intake, but backfat wasj 
. I 
similar when both lines were limited to the same level of intake. Because of the lack 
I 
! 
of a control line it is impossible to determine what proportion of the fat diffetces 
under ad libitum intake is due to upward versus downward selection for gain~ 
i 
The correlated fat decrease in L agrees with other studies in both mice and 
pigs. A line selected for increased ham weight under a limited intake grew faster 
and was leaner when fed either ad libitum or the intake level under which selection 
. ' 
took place (McPhee et. al., 1988). Improvements in carcass fat or rate of fat : 
deposition were the result of selecting mice under a limited nutritional environment. 
! 
! 
The ratio of protein to fat was higher, compared to a line selected under ad libitum 
intake, when fed either ad libitum or the restricted level under which selecti<>*1 took 
place (McPhee and Trappett, 1987) and the rate of fat deposition was lowest in the 
line selected under a limited intake when fed either intake level (Hetzel and 
Nicholas, 1986). 
A four-way interaction was significant for APBF (P<.05) (Table 16). ~ the 
I 
SFG, gilts in all three lines were consistently .25 to .30 cm leaner than barrows. 
I 




each farrowing group. The sex difference was consistently larger in L, than ef ther C 
or F. If this is a true difference, predication of carcass lean content using bariow 
data would underestimate lean in L gilts relative to C and F. 
Intake and feed efficiency remssions 
Pen feed consumption and efficiency are presented in Table 10. In F, 
71 
TABLE 16 
MEANS FOR BACKFAT TIUCKNBSS BY FARROWING GROUP-LINE-GENERATION-~EX 
ADJUSTED BACKFAT BY SEX 
FARROW LJNEh OENERAnON BARROWS GILTS 
GROUP9 
FALL C 1 3.23 3.08 
2 3.33 3.17 
3 3.00 2.98 
4 3.07 2.83 
5 3.07 2.98 
F 1 3.07 3.06 
2 3.42 3.28 
3 3.16 2.97 
4 3.24 . 2.97 
5 3.31 3.15 
L 1 3.13 3.09 
2 3.42 3.14 
3 3.18 2.77 
4 2.97 2.58 
5 .3.29 2.90 
SPRING C 1 3.56 3.41 
2 3.61 3.39 
3 3.62 3.30 
4 3.70 3.43 
5 3.89 3.59 
F 1 3.72 3.54 
2 3.53 3.24 
3 3.38 3.19 
4 3.54 3.35 
5 3.71 3.48 
! 
L 1 3.71 3.42 I 
I 
2 3.31 3.24 
3 3.37 3.18 
4 3.43 3.16 
5 3.61 3.32. 
aFall group farrowed from mid-September through October and spring group farrowed from mid-March 
through April. b 
bc=unselected conttol, F=selected for rapid growth under ad libitum intake, L=selected for rapid wth 
under resuicted intake. 
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correlated response in efficiency and intake differed across farrowing groups. The 
net result was no response in feed:gain and a significant increase (P<.01) in daily 
intake (Tables 13 and 15). The lack of improvement in efficiency was the result of 
gain and intake responding upward at the same relative magnitude. This can be 
seen in the standardized regression of FI on WCSD (Table 14). A co-heritability 
nearly as large for FI as DG indicates selection for FI would change DG nearly as 
rapidly as direct selection. Small improvements in efficiency were also reported by 
Rahnefeld (1973) where after eight generations of selection for gain under ad libitum 
intake a smaller than predicted improvement of .04 kg/kg gain was realized. 
The strong relationship between DG and FI would suggest intake to be the 
major correlated trait when selecting for increased growth under ad libitum intake. 
In summarizing the literature, the genetic correlation between gain and intake was 
about .90 (Wyllie et al., 1979; Standal and V angen, 1985). In agreement with this 
correlation are the findings of Woltmann et al. (1992), who concluded that changes 
in feed intake explained much of the direct response to selection for post-weaning 
gain. The same study concluded that much of the intake increases were utilized for 
the deposition of fat. This would indicate that the relationship between intake and 
lean growth rate is weak in comparison to that between intake and gross growth 
rate. Kreiter and Kahn (1986) reported a genetic correlation between intake and 
lean gain of .40 and an unfavorable genetic correlation of .50 between intake and 
backfat. 
A non-significant decrease in intake and a significant improvement in 
efficiency were the result of selection under a standard restricted intake (Tables 13 
and 15). Correlated changes in ad libitum intake, as the result of selection under a 
restricted intake, varied between studies. A point estimate of ad libitum intake in 
the mouse was in agreement with the negative regression in the present study 
(McPhee and Trappett, 1987). However, ad libitum intake point estimates differed 
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from the current study in the mouse (Hetzel and Nicholas, 1986) (no change) ~d in 
i 
the pig (McPhee et al., 1988) (increase). All three of the above-mentioned stu~es 
were in agreement with the present results for feed:gain, reporting favorable I 
response. 1 
I 
The nutritional environment under which selection took place in L relfoved 
I 
much of the variation in daily food consumption. Because of this decrease in I 
! 
variation, selection under a standardized level of intake results in a high cori!~lation 
; 
between gain and efficiency. Thus it is expected that improvements in efficiency 
should be of similar magnitude as those in gain. Feeding L progeny under a<l 
libitum intake resulted in the expected improvement in efficiency; however, $ere 
was increase in gain. Direct selection for improved feed efficiency has been : 
relatively unsuccessful (Bernard and Fahmy, 1970; Jungst et al., 1981; Web~ and 
King, 1983). Selection for efficiency was under an ad libitum nutritional 
environment in each of these studies. Based on the present study, selection f9r feed 
efficiency was more successful under an environment in which intake variation was 
I 
i 
removed or greatly decreased. 
Response in ad libitum DG and FI were also closely associated (Table~ 13 and 
15). The expectation of selection under a standard intake would be to increase 
i 
growth without changing the genetic potential for intake, thus improving overall 
efficiency. Results from the SFG tend to agree with this hypothesis. This f.Jrowing 
! 
I 
group exhibited a slight upward trend for intake and improvements in gain rd 
efficiency. However, there were significant decreases for both DG and FI in the 
I 
FFG. I 
Most swine studies in which single-trait selection for growth was praL 
did not include correlated changes in feed intake. However, many index seleJtion 
studies have reported intake results. A significant intake increase was re~ in a 
I 
line selected for decreased backfat and increased gain (Vangen et al., 1980). Overall 
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improvement in an index that includes efficiency, gain and backfat was the result of 
decreases in intake (McPhee, 1981; Smith et al., 1991). Improvements were realized 
for backfat and efficiency, but growth rate was unchanged. Genetic potential for 
intake will be important for the long-range improvement of pigs and a number of 
authors have discussed the importance of appetite as it applies to genetic 
improvement in the pig (Fowler, 1986; Kreiter and Kalm, 1986; Vangen and 
Kolstad, 1986; Brandt, 1987; Kanis, 1991b). 
Pie; weie;hts and reproductive performance 
Individual pigs weights at birth, 21 and 42 d are presented in Table 11. All 
three weights are considered traits of the pig, even though they are heavily 
influenced by the maternal environment. There was a tendency for the regressions 
of all three weights to be negative; however, none of the regressions were significant 
(Tables 13 and 15). In general, the literature suggests that early pigs weights are 
relatively unaffected by selection for increased growth. Weight at 42 d was 
unchanged as the result of selection for gain (Rahnefeld, 1973). Weights at birth 
and 21 d decreased as the result of selection for increased 200-d weight (Kuhlers and 
Jungst, 1991b), but the regressions of correlated response on selection were non-
significant. Co-heritabilities for weights at birth, 21 and 35 d were 0, as the result 
of selection for increased 70-d weight (Kuhlers and Jungst, 1990). 
Pig weights at young ages are influenced to a large extent by the number of 
pigs in a litter and the ability of the sow to care for that number of pigs. Litters 
were not standardized throughout the present study, thus pig weights, litter weights 
and number of pigs were partially confounded. Within a particular line, large 
amounts of variation existed between generations for litter weights and number of 
pigs at birth, 21 and 42 d of age. The three way interaction of line x farrowing 
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group x generation was not significant for NB, N21D, N42D, LWB, LW21D or 
LW42D (Table 17). The line x farrowing group interaction was significant for N21D, 
N42D, LW21D and LW42D (Table 33) and the interaction means are presented in 
Table 18. The interaction was the result of the select lines outperforming C in the 
FFG, but C was superior to the select lines in the SFG. 
The NB, N21D, LWB and LW21D regressions were negative for both lines; 
however, the only tendencies for significance (P<.10) were in F. The regressions of 
LWB and LW21D on WCSD and N21D and LW21D on generation all tended to be 
significant in F (Tables 13 and 15). Reproductive performance was only measured 
on gilts, thus measures of lifetime performance and longevity were not available. 
Fredeen and Mikami (1986c) concluded that reproductive performance was 
enhanced by selection for an index of gain and backfat, based on their findings and 
those reported in the literature. However, when either trait was selected for 
individually reproductive performance was not affected. Cleveland et al. (1988) 
reported non-significant correlated changes for litter traits as the result of selection 
for an index of gain and backfat. Selection for lean growth rate and percent lean 
adversely affected litter size at birth and 21 d (DeNise et al., 1983). Litter size at 21 
d in second parity females was nearly two pigs less in the select lines. Correlated 
response in reproductive traits, resulting from selection under a restricted intake 
level, has not been reported in the pig. 
First and second service conception rate was measured during generations 2 
through 4. Generation number was relative to the amount of selection that had 
taken place in the female. Line means for conception rate were non-significant 
(Table 19 and 36). Conception rate and farrowing rate were not affected when 
selection was for total carcass lean or percent lean (DeNise et al., 1983). In the 
presnt study, additional measurements of female breeding performance were not 
· available due to management. Gilts were only bred during certain time periods in 
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TABLE 17 
MEANSFORNUMBEROFPIGS ANDTOTALLITI'ER WEIGHT ATBIRTil,21 AND42Dt"-YS BY 
FARROWING GROUP-LINE-GENERATION I 
FARROW uNE'> GENER- NUMBER NUMBER NUMBER TOTAL TOTAL jrorAL 
GROUP8 Ano~ BORN 21DAYS 42DAYS WEIGHT WEIGHT ~GHT 
BIRnI 21 DAYS ~2DAYS 
FALL C 0 8.61 6.77 6.65 13.8 33.2 177.3 
1 10.18 8.05 1.SS 16.0 39.7 ,74.6 
2 9.61 7.68 7.36 15.8 40.4 I 82.9 
3 9.12 7.12 6.77 14.3 35.8 169.0 
4 10.04. 7.32 7.12 16.S 37.9 i 70.9 
I 
F 0 9~78 8.26 8.11 15.1 40.6 [ 90.9 
1 9.82 8.14 7.64 14.8 41.6 j 78.1 
2 9.74 8.30 8.26 16.3 45.8 I 89.4 
3 9.15 7.96 1.10 14.1 39.8 ! 77.S 
I 
4 9.46 7.92 7.73 14.5 41.9 .i 79.1 
I 
L 0 9.35 8.04 7.85 15.1 39.4 j8S.4 
1 9.67 1.15 7.46 13.6 36.7 110.0 
2 9.96 8.77 8.56 14.9 40.2 I 75.2 
3 9.52 8.00 7.87 13.8 39.2 I 74.0 




SPRING C 0 9.04 7.7S 7.58 13.8 39.8 I 81.2 
1 9.20 7.68 7.56 13.9 . 38.6 179.9 
2 8.74 7.81 7.63 14.3 42.3 187.9 
3 9.04 8.12 8.00 15.2 45.2 I 85.9 
4 10.19 . 9.04 8.73 16.1 47.7 I 87.6 
I 
F 0 8~96 7.84 7.68 13.4 40.0 184.1 
1 9~25 1.55 7.40 14.2 40.0 ' i 80.7 
2 9.81 8.23 8.00 14.5 45.6 !90.8 
3 10.11 7.69 1.65 14.4 39.4 173.9 
4 9.54 6.77 5.53 14.4 32.8 . 157.9 
L 0 9.65 8.00 7.87 14.6 39.2 181.8 
1 9.14 7.43 7.29 14.5 37.2 78.9 
2 8.64 7.44 7.36 13.9 403 I 84.0 
3 9.62 8.16 8.00 15.3 43.4 !82.6 
4 9.65 6.92 6.81 15.8 37.7 ] 73.6 
8Pall group farrowed from mid-September through October and spring group farrowed from mid~March 
through April. ·· I 
bc=unselected control, F=selected for rapid growth under ad libiwm intake, L=selected for rapid growth 
under resaicted intake. 
CQeneration represents the amount of selection that occurred in the sow. 
Standard enms mnged from .288 to .536 for number born, .266 to .608 for number 21 days, .248 to .592 
for number 42 days, .508 to .911 for total weight binh, 1.239 to 3.099 for total weight 21 days and 3.007 
to 6.4 78 for total weight 42 days. 
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TABLE 18 
LEAST-SQUARES MEANS FOR NUMBER OF PIGS AND TOTAL LlTI'ER WEIGHT AT 2i AND 42 
DAYS BY FARROWING GROUP-LINE 
I 
UNBb NUMBBR21 DAYS 
I 
FARROW NUMBER 42 DAYS TOTAL WEIGHT TOTAL WEIGHT 
GROUJ>A 21 DAYS 42DA$ 
FALL C 7.38 1.(YJ 37.5 75.3 
F 8.11 7.89 41.8 82.9 
L 8.(YJ · 7.87 38.9 75.3 
I 
SPRING C 8.08 7.90 42.6 84.21 
' ' 
F 7.62 7.25 39.6 77.51 
L . 7.52 . 7.46 39.2 79.91 
aFall group farrowed from mid-September through October and spring group farrowed from m~-Man:h 
through April. ! 
be=unselected conuol, F=selected for rapid growth under ad libitum intake, L=selected for rapid growth 
under resbicted intake. : 
Swidard errors ranged from .192 to .203 for number 21 days, .190 to .201 for number 42 days, ~.01 to 




LEAST-SQUARES MEANS FOR FIRST AND SECOND Sl:RVICE CONCEPTION RA1E B¥ LINE 















L 192 76.2 81.4 i 
8Generation represents the amount of selection that occurred in the female. I 
be=unselected conuol, F=selected for rapid growth under ad libiturn intake, L=selected for rapid growth 
under resbicted intake. J 
SWldard errors ranged from .031 to .032 for first service. conception rate and was .028 for second service 
conception rate for all three lines. 
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order to fill the farrowing room, thus all potentially cyclic gilts were not obse*ed. 
Carcass 
Carcass data were only collected in generations 3 through 5, thus regressions 
I 
were not calculated for carcass traits. Means for selected carcass traits are ! 
presented in Table 20. The DG that is presented is the average for those barrows 
! 
that were randomly selected for carcass data collection. The growth of the barrows 
sampled was very near the average their contemporaries (Table 9). The slight 
advantage in growth of the carcass barrows was representative of the sex difference 
for daily gain. Carcass and ultrasonically probed backfat means ranked the same 
within each line (Table 20), indicating the ultrasonic measurements of backfat gave 
an accurate assessment of line rankings. 
Line differences or time trends were not readily evident across generat,ion 
(Table 20) and the interaction of line x generation x farrowing group was not 
significant for any of the carcass traits examined (appendix Table 35), thus they 
were averaged across generation (Table 21). The line x farrowing group interl'.lction 
was significant (P<.01) for all carcass traits examined, except MSCORE (P<.07, 
Table 35). Within farrowing group contrasts were examined for carcass traits 1 (Table 
! 
I 
22). In the SFG, select-line barrows were leaner than C barrows (P<.01), but fat 
I 
differences were not significant in the FFG. Similar responses in the FFG were 
found for LEA, PLEAN and CUT. Both select lines had smaller loin eyes, de~eased 
I 
percent lean and a lowered cutability (P<.01), compared to C. A line selected (or 
I 
increased 200-d weight had 1.5% less estimated percent lean cuts at generat fuur 
(Jungst and Kuhlers, 1987), but a line selected for gain had a 1.5% higher jass 
lean after nine generations of selection. Selection under a restricted intake resulted 
I 
in decreased backfat in ad libitum-fed progeny (McPhee et al., 1988). I 
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TABLE20 




























































































PERCENT I LEAN 

























BFalJ group farrowed from mid-September through October and spring group farrowed from mid~March 
through April. ! 
bc=unselected control, F=selected for rapid growth under ad libitum intake, L=selected for rapi~ growth 
under restricted intake. I 
cAverage daily gain of the barrows that were slaughtered. I 
I 
dAcfjusted to 104 kg. · I 
ei>redicted percentage lean contained in the carcass. 
ii>redicted lean gain per day while on test from 9 weeks of age through 100 kg. 
Standard enors ranged from .012 to .024 for daily gain, .075 to .144 for probed backfat, .065 to .~42 for 
carcass backfat, .606 to 1.053 for loin eye area, .418 to .765 for percent lean and .005 to .009 for lean 




LEAST-SQUARES MEANS FOR CARCASS lRAITS FROM BARROWS BY FARROWING 9aoUP-
LINE : 
TRAIT FALL FALL 
C F 
DAILY GAINbc 0.90 0.90 
PROBED BACKFAT (c:m)Cd 3.07 3.30 
CARCASS BACKFAT (c:m)d 3.10 3.30 
LOIN EYE AREA (c:m2)':d 32.2 28.8 
PERCENT~ 52.2 50.3 
LEAN GAIN PER DAY ON TES,cf 0.353 0.341 
CARCASS GRADEi 2.01 2.35 














































LENGTH(cm) 77.9 77.3 77.7 78.3 79.6 179.1 
MARBLING scoREi . 3.45 3.49 3.1.8 . 3.07 3.43 I 3.30 
aFall group farrowed from ·mid-September through October and spring group farrowed from mid-March 
through April.; C=unselected control, F=selected for rapid growth under ad libiwm intake, L=sel~ted 
for rapid growth under restricted intake. Interaction significant (P<.05) for all ttaits, except for ..-bling 
score where P=.06. See Table 22 for within farrowing group contrasts of line. l 
bAverage ~ly gain of the barrows that were slaughtered. 
CLine significant (P<.05). 
dAdjusted to 104 kg. 
CJ>redicted percentage lean contained in the carcass. 
ii>redicted lean gain per day while on test from 9 weeks through 100 kg. 
BCarcass grade = (4 x 10th backfat) - muscle score, where l=thick. 2=average, 3=thin. : 
heutability is the 4 major wholesale cuts (ham, loin, boston buu, picnic) expressed as a percentag+ of the 
chilled carcass weight 1 
iLoin eye marbling: l=traces, 2=slight, 3=small, 4=moderate, 5=abundanL i 
Standard errors ranged from .009 to .010 for daily gain, .053 to .061 for probed backfat, .058 to .067 for 
carcass backfat, .495 to .570 for loin eye area. .353 to .409 for percent lean, .0038 to .0044 for 1.J.n gain 
per day on test, .121 to .140 for carcass grade, .361 to .416 for cutability, .246 to .285 for length *rnf 
.103 to .121 for marbling score. I 
TABLE22 
WITIIlN FARROWING GROUP-LINE CONTRASTS FOR CARCASS TRAITS, TESTICULAR 
VOLUME AT 5 MONTHS AND FRONT-END STRUCTURE 
CONTRAST8 
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1RAIT FAU. FAU. FAIJ. SPRING SPRING 
I SPRING 
C Vlpb CvsL Fv1L Cv1F Cv1L Fv1L 
VOLUME ATS MONTII -55.51** 63.10** 118.61** -30.90 1.14 32.04 
STRUCTURE 0.06 -0.22 -0.28+ 0.37** 0.19 -0.18 
CARCASS BACKFAT (cm)c '-0.20 -0.ll -0.09 0.39** 0.46** 0.07 
LOIN EYE AREA (cm2f 3.36** 2.75** -0.60 -0.22 -0.51 -0.29 
PERCENT LEAN'1 1.91** 1.56* -0.36 -1.13 -1.24+ -0.11 
LEANGAfNPERDAYONTES~ 0.011 0.029** 0.017* -0.021•• -0.015* 0.012 
CARCASS GRADEf -0.034 -0.19 0.15 0.47+ 0.37 -0.10 
CUTABll.ITY& 2.44** 1.85** -0.59 -1.02 -1.30* -0.28 
LENG1H(an) 0.68 0.28 -0.40 -1.31** -0.80 0.52 
MARBLING scoREh -0.04 0.27 0.31 * -0.36** -0.23 0.13 
aThese are line contrasts (differences) within farrowing group tested using bonferroni t statistics( where+ 
= P<.10, • = P<.05 and •• = P<.01. I 
bpa11 group farrowed from mid-September through October and spring group farrowed from mid-March 
through April.; C:unselected conttol, F=selected for rapid growth under ad libitum intake, L--sbtected 
for rapid growth under restricted intake. 
CAdjusted to 104 kg. 
dPredicted percentage lean contained in the carcass. 
ePre<ficted lean gain per day while on test from 9 weeks through 100 kg. 
fCarcass grade = (4 x 10th backfat) - muscle score, where l=thick, 2=average, 3=thin. 
gcutability is the 4 major wholesale cuts (ham, loin, boston butt, picnic) expressed as a percentage of the 
I 
chilled carcass weight I 
hLoin eye marbling: l=traces, 2=slight, 3=small, 4=moderate, 5=abundanL I 
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There was a line x farrowing group interaction for LDG (Table 21). In the 
FFG, both C and F were superior to L (P<.05) for LDG. In the SFG, F and L were 
significantly higher than C for LDG by 9 and 5%, respectively. Across farrowing 
group means for LDG were significantly higher in F, as compared to L (P<.05). 
Selection on a restricted intake level changed the rate of tissue deposition toward 
protein in the mouse (McPhee and Trappett, 1987). Lean growth responded 
favorably in a line selected for increased ham weight under a standard limited 
intake level (McPhee et al., 1988). Response was positive under either ad libitum 
intake or the level under which selection took place. The authors suggested that 
response to selection for lean growth may be increased under a restricted level of 
intake, as compared to the more common ad libitum nutritional environment. Lean 
growth was also increased when selection was on an index of gain and backfat 
(V angen, 1980; Cleveland et al., 1983a) or when selection was for weight oflean cuts 
(Leymaster et al., 1979 ). 
Efficiency of lean growth was not directly measured, but some general 
conclusion can be drawn. In the SFG, LDG (Table 22) and FG (Table 13) improved 
in both select lines, indicating efficiency oflean growth was also improved. Results 
from the FFG were not as clear. An undesirable increase in the FG ofF, coupled 
with a non-significant change in LDG, indicated the changes in lean growth 
efficiency were unfavorable. Lean growth was significantly lower for L in the FFG, 
but FG was improved with selection. Improvements in lean growth efficiency ofL 
would result if the improvement in FG outweighed the decrease in LDG. Averaged 
across replicates, it appears that lean growth efficiency was improved in Land was 
unchanged in F. 
A number of other studies have reported improvements in lean growth 
efficiency as the result of selection on an index that combined two or more traits or 
for gain under a restricted intake. Improvements in lean efficiency were realized 
83 . 
I 
when selecting for an index of increased gain and decreased backfat (Cleveland et 
al., 1983b) and the breeding objective oflean tissue efficiency was improved when 
selecting on an index of gain, efficiency and backfat when pigs were tested under ad 
libitum intake (McPhee, 1981; Ellis et al., 1983) or a standard limited intake 
' 
(McPhee, 1981; Henderson et al., 1983). In both studies improvements in efficiency 
! 
were greater under ad libitum intake. McPhee and Trappett (1987) concluded 
I 
selection under a standard restricted intake level in mice is the best nutritional 
environment if the breeding objective is efficiency of lean growth. A line of pigs 
selected for increased lean under a limited nutritional environment deposited lean 
more efficiently when fed either ad libitum or the level at which selection took place 
(McPhee et al., 1988). 
Movement and structure 
Movement and front-end structure were evaluated on all fifth generation 
barrows and gilts upon removal from test. Line rankings for MOVE (C > L >: F) 
! 
were consistent across farrowing groups (Table 23). Within the SFG the ranimg of 
l 
lines for STRU and MOVE was consistent. However, in the FFG line rankings 
i 
differed. For both STRU and MOVE F ranked last; however, L ranked above C for 
STRU and C above L for MOVE. 
Line means for DG were related more closely with STRU than with MOVE. 
The interaction of line x farrowing group was significant for both STRU and DG, but 
! 
not significant for MOVE (Table 37). The 00 interaction was the result of L [ 
ranking below C and F in the FFG and F ranking above C and Lin the SFG fTable 
I 
23). The significant interaction for STRU indicated an inverse relationship 1'tween 
I 
DG and STRU. Woltmann et al. (1987) reported a similar interaction. A fasi 
I 
I 










LEAST-SQUARES MEANS FOR MOVEMENT AND STRUCTURAL SOUNDNESS AT 0~ 
TEST IN GENERATION FIVE BY FARROWING GROUP-LINE 
FARROWING GROUP-LINEa 
TRAIT FAU. FAU. FALL SPRING SPRING SPRING 
C F L C F L 
DAILYGAIN 0.89 0.89 0.84 0.87 0.95 i 0.88 
MOVE~ 5.60 5.26 5.37 S.59 5.34 , 5.53 
S1RUCllJRBC 5.32 5.26 5.53 5.54 5.17 : 5.34 
8Fall group farrowed from mid-September through October and spring group farrowed from 
mid-March through April.; C=unselect.ed control, F=select.ed for rapid growth under ad libitum · 
intake, L--select.ed for rapid growth under restricted intake. 
bLine significant (P<.01). 
Cfarrowing group by line interaction significant (P<.05). See Table 22 for within farrowing 
group contrasts of line. 
Standard errors ranged from JYJ7 to .009 for daily gain, .082 to .111 for movement and .071 to 
.097 for structure. 
TABLE24 
PHENOTYPIC PARTIAL CORRELATIONS BETWEEN MOVEMENT, STRUCTURE, 
DAILY GAIN AND PROBED BACKFAT 
i 




















A low partial phenotypic correlation between STRU and DG indicates a weak 
relationship between the traits (Table 24). A similar phenotypic correlation between 
i 
DG and STRU (.13) was reported by Woltmann et al. (1987) in an evaluation jof 
structure in a fast and slow growth line. However, the phenotypic correlatioJ is not 
! 
necessarily a good indicator of the genetic relationship between DG and STRV. 
Rothschild et al. (1988) reported no correlated response in ADG, as the result: of 
selection for either increased or decreased structure. The phenotypic correlation 
between STRU and MOVE in the present study was relatively high (. 75) and agrees 
with a phenotypic correlation of .87 reported by Rothschild and Christian (1988). 
Within farrowing group contrasts for structure indicated that L tended to be 
more sound than F (P<.10) in the FFG and C more sound that F (P<.01) in the SFG 
' 
(Table 22). The chi-square statistic was used to test for the independence of ~OVE 
I 
or STRU and line (Tables 25, 26 and 27). Movement scores were pooled acro$s 
farrowing groups because of the lack of interaction. A significant chi-square~ the 
! 
result of a smaller proportion of F barrows and gilts considered sound (Table ~5). 
Due to the significant line x farrowing group interaction, STRU was tested within 
farrowing group. A significant chi-square in the SFG resulted from a smaller[ 
proportion of F considered sound (Table 27). These results were similar to th~e for 
I 
MOVE across farrowing groups. The significant test for independence in the f'FG 
was the result of a larger proportion of L considered sound and a smaller percentage 
considered unsound (Table 26). The results of the chi-square tests using the ! 
arbitrary classilications were closely related to the line lll88DS fur MOVE andlSTRU, 
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CHI-SQUARE TEST8 FOR INDEPENDENCE OF MOVEMENT AND LINE IN GENERATIO;N FIVE 
UNSOUND 
MODERA'IELY SOUND 













86 113 ~ SOUND ----=14=5--------------------.....----------...:;..,~~ I 
~ m m ~ ~ 
~mb~ · · ·· · · · : 
bo;unselected control, F=selected for rapid growth under ad libitum intake, L=selected for rapi~ growth 
under restricted intake. I 
c A score of less than 5 was considered IDISOUDd, a score of 5 or 5.5 was considered moderately sqund and 
a score of 6 or greater was considered sound. 
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TABLE26 
CHI-SQUARE TEST8 FOR INDEPENDENCE OF STRUCTURE AND LINE IN GENERATION FIVE 
OF THE FALL FARROWING GROUP . 
LINEb 
DEGREE OF SOUNDNESSc C F L TOTAL 
UNSOUND 28 37 19 84 
MODERATELY SOUND 44 so 58 l52 
SOUND 37 42 59 138 
TOTAL 109 129 136 374 
~~~~· . . ·. . 
bc=unselected control, F=selected for rapid growth under ad libitum uuake, L=selected for rapid growth 
under restticted intake. · 
c A score of less than 5 was considered unsound, a score of 5 or S.S was considered moderately sound and 
a score of 6 or greater was considered sound. 
TABLE27 
CHI-SQUARE TEST8 FOR INDEPENDENCE OF STRUCTURE AND LINE IN GENERATION FIVE 
OF THE SPRING FARROWING GROUP 
DEGREE OF SOUNDNESSc C 
UNSOUND 21 













TOTAL 163 94 123 380 
I 
8P=.013 for X2 4 · · ' 
bc=unselected control, F=selected for rapid growth under ad libitum intake, L--selected for rapid growth 
under restricted intake. 
c A score of less than 5 was considered unsound, a score of 5 or S.S was considered moderately sound and 
a score of 6 or greater was considered sound. : 
88 
Testicle volume 
Testicle volume of generation five boars was measured at two points, 150 d of 
age and 107 kg (Table 28). There was a line x farrowing group interaction (P<.05) 
for ADG and TV150 (Table 38). Lines means for these two traits corresponded 
closely (Table 29). In the FFG growth rates in C and F were very similar, but L was 
about 15% lower. In the SFG, C and L were similar for growth rate, but F was 
about 12% higher. The interaction for TV150 can be described very similarly. 
Within farrowing group contrasts indicate no significant differences in the SFG 
(Table 22). In the FFG, the line ranking was F > C >Land all contrasts were 
significant. Mean weight differed between lines at five months of age, mainly due to 
the differences in daily gain. Line differences for testicle volume were not significant 
when boars were measured at a common weight (Table 29). However, volume was 
numerically larger in the two select lines. The only significant difference for TVOT 
was that boars in the FFG had a 9% greater testicle volume than boars in the SFG. 
Testicle volume was measured at the same two points in generation O boars, 
comparing ad libitum versus limited fed boars independent of selection (Woltmann 
et al., 1990). The results of above-mentioned and the present study were very 
similar. Limit feeding decreased TV150, but much of the difference had disappeared 
when volume was measured at a constant weight. Fall-farrowed boars also had 
larger testicles at off-test in generation 0, agreeing with fifth generation results in 
the present study. These data suggest that testicular volume at a constant age is 
dependent on the growth rate of the line. Differences at 107 kg are more influenced 
by the season of birth and/or testing than either selection or feeding regime. 
However, it is difficult to separate correlated response and nutritional effects,, since 
the select lines are confounded with intake level. 
TABLE28 
AGE IN DAYS AND WEIGHT AT OFF 1EST AT WHICH TESTICLES WERE MEASURED IN 
GENERATION FIVE I 
1RAIT C 







WEIGHT AT OFF TEST MEASUREMENT 106.6 107.3 107.5: 
89 
3C=unselected control, F=selected for rapid growth under ad libitum intake, L=selected for rapid growth 
under restticted intake. · 
TABLE29 
LEAST-SQUARES MEANS FOR GENERATION FIVE TESTICULAR VOLUME AT 5 MONTHS OF 














DAil.. Y GAIN 0.97 1.01 0.85 0.92 1.04 1 0.92 
VOLUMEATSMONTil(cm3)b 273.2 328.8 210.1 249.7 280.6 248.6 
VOLUMEATOFFTBST(cm3)c 305.3 318.4 316.4 305.3 318.4 316.4 
aFall group farrowed from mid-September through October and spring group farrowed from mid-March 
through April.; C=unselected control, F=selccted for rapid growth under ad libitum intake, L--selected 
for rapid growth under restricted intake. • 
bparrowing group by line interaction significant (P<.01). See Table 22 for within farrowing group 
contrasts of line. 
CLine was averaged over farrowing group because farrowing group by line interaction was non- • 
significant (P>.20). Farrowing group was significant (P<.01), with fall and spring volumes eqwd to 
326.4 and 300.4, respectively. , 





Genetic improvement through selection for specific traits is the only method 
to make permanent changes in a population. For the swine industry to be successful 
it is essential that economically important traits continue to be improved. Traits 
such as growth rate, feed intake, efficiency and carcass composition are components 
of lean growth rate and lean growth efficiency. Specialized terminal or paternal 
lines should excel in lean growth and lean growth efficiency. Traditionally the above 
traits have been improved by selecting for either a single or multiple traits in 
animals allowed ad libitum feed. The most common method of multi-trait selection 
is an index that combines two or more traits into a single measurement based on 
genetic parameters and the relative economic value of each trait. Fowler et al. 
(1976) proposed an alternative selection method for improving lean growth rate and 
lean growth efficiency in pigs. Under Fowler's method all pigs are allowed a 
standard amount of food over a given period. Standardizing intake removes the 
contribution of feed intake to the variation in growth rate. Fowler et al. (1976) 
hypothesized that selection for rapid growth under a restricted nutritional 
environment should favor those animals that are most efficient because they will 
direct proportionately more metabolizable energy toward the synthesis of protein 
and less toward fat. Thus, selection for growth under a restricted intake should 
favor lean growth efficiency because feed intake is a constant. 
The hypothesis outlined by Fowler et al. (1976) has been tested in three 
studies using mice (McPhee et al., 1980; Hetzel and Nicholas, 1986; McPhee and 
Trappett, 1987) and one study using pigs (McPhee et al., 1988). McPhee et al. 
(1980) initially tested the hypothesis in mice. Two criticisms of the study by McPhee 
et al. (1980) are: 1) selection occurred over an age range (5 to 9 weeks) that was 
beyond the period of rapid lean deposition in the mouse, and 2) a line selected for 
increased growth under ad libitum feeding conditions was not included. Later 
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studies accounted for these problems by selecting for increased weight gain from 3 to 
6 weeks under either ad libitum or a restricted intake (Hetzel and Nicholas, 1986; 
McPhee and Trappett, 1987). McPhee et al. (1988) tested Fowler's hypothesis in the 
pig by selecting for increased ham weight under a restricted feeding level. However, 
a line selected under ad libitum feeding was not included, so a direct comparison of 
selection under ad libitum and restricted feeding has not been made in the pig. 
The objective of my study was to quantify and compare response in 
component traits oflean growth rate and lean growth efficiency ( growth rate, feed 
intake, feed:gain and composition) to selection for gain under allowed ad libitum or a 
standard limited intake. The objective tests the hypothesis that response will differ 
depending on the allowed intake level under which selection occurs. The design 
used to test the hypothesis included lines of pigs selected for increased growth 
under: 1) ad libitum intake and 2) a standard limited intake ( 83% of predicted ad 
libitum intake). The two select lines will be referred to as the ad libitum line and 
the standard limited intake line, respectively. Select lines of mice and pigs 
comparable to the standard limited intake line will be referred to as restricted lines. 
An unselected control line was also maintained to account for environmental 
fluctuations. Response in both select lines is relative to the control line unless 
specified. Selection occurred for five generation only in males. Response to selection 
was measured on barrows and gilts allowed ad libitum access to feed. So, in the ad 
libitum line selection and response were both under ad libitum feeding conditions; 
however, in the standard limited intake line selection occurred under 83% of 
predicted ad libitum intake and response was measured under ad libitum feeding 
conditions. 
Growth rate results are presented by generation in Figure 2. Generation 
means in the ad libitum and the standard limited intake lines are presented as 
numerical differences from the control line. Discussion will be centered on results 
92 
from generation five. Recall response was measured in both lines on ad libituhi fed 
I 
progeny. Daily gain increased in the ad libitum line, but in the standard limified 
intake line there was no response in daily gain relative to the control line. The 
positive resp<>I1$e in the ad libitum line is in agreement with all previous repo~ in 
I 
pigs (Fredeen and Mikarni, 1986e; Kuhlers and Jungst, 1991a; Kuhlers and Jungst, 
1991b; Woltmann et al., 1992). In contrast, results of the standard limited intake 
line differs from previously reported results .. Selection in mice (Hetzel and Ni~olas, 
1986; McPhee and Trappett, 1987) and pigs (McPhee et al., 1988) under a restricted 
intake resulted in positive response in ad libitum fed progeny. In the mouse study 
that allowed for a direct comparison of select lines, progeny from the ad libitum 
intake line grew faster than progeny of the restricted intake line (McPhee and 
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Figure 2. Generation Least-Squares Means for Daily Gain Deviated Frm:b the 
Control Line of Ad Libitum Fed Progeny Sired by Boars Frotn. the 
Ad Libitum or Standard Intake Line 
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Based on previous reports in mice (Hetzel and Nicholas, 1986; McPhee and 
Trappett, 1987) and swine (McPhee et al., 1988), it was my expectation that 
selection for growth under a limited intake would increase growth rate under any 
nutritional environment. However, selection under the standard limited intake level 
did not change growth rate in my study. It is possible that species differences in 
response to selection for growth under a restricted intake exist between mice and 
pigs. One study in pigs selected for increased ham weight under a restricted intake 
level, whereas I selected for growth rate in pigs fed a restricted intake. Selection for 
ham weight under restricted intake probably placed selection pressure on lean 
growth rate, as opposed to my study that probably placed more selection pressure on 
lean gain efficiency. 
Ad libitum fed progeny did not respond to selection for growth under the 
standard limited intake. A number of factors may have contributed to this lack of 
response. First, growth was measured under different environments in the boars 
fed the standard limited intake level, as compared to the barrows and gilts. Two 
points contributed to the difference: 1) the allowed feed intake level differed between 
where selection took place and response was measured (restricted intake in boars vs. 
ad libitum intake in barrow and gilt progeny), and 2) the range over which growth 
was measured differed (36 through 104 kg in boars and 9 weeks through 100 kg in 
barrow and gilt progeny). This indicates that growth rate under the two 
environments are different traits. Thus, response in the barrow and gilt progeny 
will depend on the correlation between growth under ad libitum and the standard 
limited intake. No response in growth in the standard intake line would indicate 
that the above correlation is zero. Another potential reason for no response in 
growth is that the recommended daily intake of protein was not met throughout the 
test period. This was due to the level at which the boars were restricted and the 
level of protein in the diet. If dietary protein was not sufficient to meet the pig's 
94 
requirement for maximum growth, especially lean growth, full potential under this 
standard intake level may not have been expressed. This may have lowered the 
variation in gro~ rate and possibly caused error in the selection of boars. Lastly, 
the initial genetic line that was used to establish the base generation of the ad 
libitum and standard intake lines was previously selected for increased growth. It is 
possible that selection limits were being approached and slowed down improvement 
in growth rate. However, it should be noted that selection limits have not been 
documented in swine. 
Feed intake results are presented by generation in Figure 3. This discussion 
will be based on generation five deviations from the control. Intake response in my 
study differed in the two select lines. Ad libitum intake increased in the line 
selected under ad libitum intake and tended to decrease when selection was under 
the standard limited intake. The increased daily intake in the ad libitum line is in 
agreement with a study in pigs (Woltmann et al., 1992) and studies in mice (Hetzel 
and Nicholas, 1986; McPhee and Trappett, 1987). However, intake results were not 
as consistent in ad libitum fed progeny out of restricted line parents. A decrease in 
ad libitum intake in a line of mice selected under a restricted intake was in 
agreement with my study (McPhee and Trappett, 1987). Contrasting intake results 
were reported in mice (Hetzel and Nicholas, 1986) (no change) and pigs (increase). 
Based on a relatively strong genetic correlation between growth and ad 
libitum intake (Vangen, 1985) and previous selection results (Hetzel and Nicholas, 
1986; McPhee and Trappett, 1987; Woltmann et al., 1992), the increased feed intake 
in the ad libitum line was expected. It was my expectation that ad libitum feed 
intake would not change in the standard limited intake line. This expectation is 
based on the fact that all pigs were selected for growth under a standard intake 
amount, thus no upward or downward pressure should have been placed on intake. 
However, intake tended to be lower after five generations of selection in the 
95 
I 
standard limited intake line. A reason for the unexpected decrease in intake may be 
! 
i 
the allowed intake difference between the boars (restricted) and the barrow ~d gilt 
I 
progeny (ad libitum). Intake under the two environments can be thought of~ 
i 
different traits, much the same as was discussed for growth rate. Intake resppnse in 
ad libitum fed progeny will depend on the correlation between intake under ~e two 
I 
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Figure 3. Generation Least-Squares Means for Daily Intake Deviated From 
the Control Line of Ad Libitum Fed Progeny Sired by Boars : 
From the Ad Libitum or Standard Intake Line : 
i 
i 




will be based on generation five deviations from the control. In my study fee~:gain 
I 
in the ad libitum line was unafl'ected by selection, but feed:gain responded fa~orably 
( ie. decreased) in the line selected under the standard limited intake. Feed:r in 
lines of mice selected under ad libitum intake responded favorably (Hetzel an1 
I 
Nicholas, 1986; McPhee and Trappett, 1987), differing from the results of the rd 
libitum line presented in Figure 4. However, the results from restricted iniur lines 
of mice (Hetzel and Nicholas, 1986; McPhee and Trappett, 1987) and pigs (Mc:J>hee 
. I 
et al., 1988) an, in agreement with the feed:gain results from the standard Jted 
intake line in my study. 
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Figure 4. Generation Least-Squares Means for the Feed:Gain Ratio Deviated 
From the Control Line of Ad Libitum Fed Progeny Sired by 
Boars From the Ad Libitum or Standard Intake Line 
! 
When selection for growth rate is under a standard limited intake, it isl 
expected that feed:gain will improve. If the fastest gaining pigs are selected and 
feed is held constant, then pigs with the with most desirable (smallest) feed:gain 
i 
ratio will be selected. Mine and previously reported results (Hetzel and Nicho,as, 
96 
I 
1986; McPhee and Trappett, 1987; McPhee et al., 1988) agree with this expectation. 
! 
Backfat thickness was measured as an indication of the lean composition at 
test completion. Response in backfat thickness at a constant weight was negS!tive 
(favorable) in the standard limited intake line and was not different from the Jmitrol 
in the ad libitum line. McPhee et al. (1988) also reported decreased backfat J the 
result of selection for increased ham weight under a restricted intake level. The 
findings of my study are also similar to results reported in mice. When compJ.mg 
I 
fat as a percentage of total body weight, it did not change in an ad libitum lin~ and 
' 
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decreased in a restricted line (Hetzel and Nicholas, 1986). 
Results of my study agree with the results of selection for an index that 
included growth rate, feed efficiency and backfat (McPhee, 1981; Henderson et al., 
1982). The selection objective of mine and the above two index studies was lean 
growth efficiency. Selection under the standard limited intake level and the three-
trait index (McPhee, 1981; Henderson et al, 1982) resulted in improved feed:gain, 
decreased backfat, no change in growth rate and a decrease in intake. These studies 
indicate improvement in the selection objective oflean growth efficiency was be due 
to a favorable response in gross efficiency and a decrease in backfat. The response 
in efficiency and backfat came at the expense of decreased intake. Intake is highly 
correlated with the growth rate. Because growth rate is a trait of major economic 
importance, selection methods should be designed to increase or at least maintain 
feed intake. The index and restricted feeding methods that have been designed to 
select for lean growth efficiency resulted in a deterioration of feed intake, thus 
alternative methods of selecting for lean growth efficiency should be explored or 
selection pressure should be placed on other traits. 
My study demonstrates that response in the component traits oflean growth 
rate and the efficiency of lean growth differed depending on the level of intake under 
which selection occurred. In the ad libitum line, response in ad libitum fed progeny 
was positive for growth rate and feed intake, but response in feed:gain and backfat 
was not different from the control line. Favorable response for feed:gain and backfat 
in ad libitum fed progeny from the standard limited intake line contrasts with the 
results of the same traits in the ad libitum line. Growth rates did not differ between 
the standard limited intake and control lines despite a greater daily intake in the 
latter line. Even though component traits of lean growth rate and lean tissue 
efficiency were quantified, my study was not designed to allow for the direct 
measurement of lean growth efficiency and lean growth rate. The next step should 
98 
be the quantification and comparison oflean growth rate and lean growth efficiency 
in each of the three lines. The design of the study should include pigs from the three 
lines in a factorial arrangement of treatments with allowed intake level ( ad libitum 
intake or the standard limited intake). Individual feed intake and complete carcass 
separation at test initiation using sibs of tested pigs and at completion will allow for 
the measurement of lean growth rate and lean growth efficiency. 
Direct measurement of lean growth rate and lean growth efficiency should 
provide a better understanding of the relationship between intake, lean growth rate 
and lean growth efficiency. Further studies with the ad libitum and the standard 
limited intake lines will probably be better defined after this more complete 
quantification of lean growth rate and lean growth efficiency. I have outlined what I 
feel are some of the potential studies. A better understanding of the relationship 
between intake, lean gain and lean gain efficiency would provide valuable 
information for developing swine growth models. In addition, this information could 
be used in the development of selection indexes that include intake. These indexes 
should be designed to either maintain or increase intake while improving traits such 
as growth rate, efficiency and body composition. If the ad libitum and standard 
limited intake lines are divergent enough for traits such as intake, lean gain and 
lean gain efficiency when selection is terminated (generation seven) then they may 
provide a good model for nutritional or physiological studies. Another possibility is 
that other selection experiments may be suggested. Such studies may include traits 
other than growth rate when selecting under a restricted feeding level (i.e. select 
directly for lean growth under restricted feed intake). Recent technological 
developments in the measurement of body composition in the live pig make direct 
selection for lean growth rate possible. Problems and criticisms of my selection 
study should be corrected in any future selection experiments of this type, including 
more appropriate feeding levels and diets. 
99 
This study demonstrates that response in the component traits of lean 1 
i 
growth efficiency and lean growth rate differed depending on the intake level imder 
I 
which selection occurred. However, an additional study that directly quantifi~s lean 
growth and lean growth efficiency will provide a better understanding of the 
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APPENDIX 




PROBABILITY LEVELS FOR THE INDEPENDENT VARIABLES IN 1HE MODEL FORi THE 























































































































LINE•GEN•sEX•FG NS8 NS NS .033 NS 
8The probability level was >.20 in the full model and thus they were removed from the final (reduced) 
model. Note that line*diet*sex(gen*fg) was removed from all the final models. ' 
TABLE31 
PROBABILITY LEVELS FOR THE INDEPENDENT VARIABLES IN THE MODEL FOR 11IE PEN 




INDEPENDENT VARIABLE FEED: FEED: FEED: DAll.Y DAll.Y DAll.Y 
GAIN GAIN GAIN INTAKE INTAKE INTAKE 
GROW FINISH GROW FINISH 
LINE .001 .054 .134 .001 .001 1.001 
GENERATION (GEN) .001 .002 .004 .001 .001 1 .001 
FARROWING GROUP (FG) .001 .001 .001 .001 .009 .001 
DIET(GEN•FG) .001 .033 .003 .007 .051 .012 
UNE•GEN .795 .119 .134 .350 .196 .859 
UNE•FG .034 .375 .107 .001 .004 .001 
UNE•DJET(GEN•FG) NSa NS NS NS NS NS 
GEN•FG .003 .201 .001 .003 .690 .001 
UNE•GEN•FG .067 .373 .408 .026 .220 .400 




PROBABILl1Y LEVELS FOR 111B INDEPENDENT VARIABLES IN 111B MODEL FOi PIG 
WEIGHI'SATBIRTH.21AND42DAYS ! 
i 
JNDEPENDENTV ARIABLE B1R1H WEIGJIT 21-DAYWEIGJIT 42-DA Y WEJGJIT 
LINE .001 .001 .0011 
I 
GENERATION (GEN) .001 .001 .0011 
SEX · .001 .053 .464i 
FARROWING GROUP (FG) .662 .001 .0011 
I 
LJNE•GBN .001 .001 .001i 
LJNE•SEX .463 .577 _gcJ 
I 
LJNE•Ri .001 .001 .0011 
GBN•SEX .275 .426 .s<ri 
GBN•FG .001 .001 .001\ 
SBX•Ri .581 352 .279' 
LJNE•GBN•SBX .814 .469 -~ 
I 
LJNE•GBN•FG .001 .001 .OOli 
IJNB•SBX•FG .782 .204 .864i 
GEN•SEX•FGROUP .109 .171 .68~ 
UNE•GEN•SEX•FG . .131 .162 .0631 
111 
TABLE33 
PROBABll..ITY LEVELS FOR THE INDEPENDENT VARIABLES IN THE MODEL FOR THE 
LITIER WEIGHT AND PIG NUMBER TRAITS 
INDEPENDENT VARIABLE NUMBER NUMBER NUMBER TOTAL TOTAL ;TOTAL 
BORN 21 DAYS 42DAYS BIR111 WEIGHT WEIGHT 
WEIGHT 21 DAYS 42DAYS 
LINE .611 .780 .691 .483 .273 .431 
GENERATION (GEN) .190 .587 .. 168 .048 .031 .. 001 
FARROWING GROUP (FG) .145 .455 .642 .143 .191 • .102 
DIET(GEN•FG) NS NS NS NS .030 .015 
UNE•GEN .526 .225 .043 .184 .040 .098 
UNE•FG NS .002 .001 NS .002 : .003 
UNE•DIET(GEN•FG) NS NS NS NS NS NS 
GEN•FG .237 NS .339 .055 .417 .256 
UNE•GEN•FG NSI NS .177 NS .135 ; .188 
ante probability level was >.20 in the full model and thus they were removed from the final (reduced) 
model. 
TABLE34 
PROBABll..ITY LEVELS FOR 1HE INDEPENDENT VARIABLES IN 1HE MODEL FOR 
GENERATION FIVE COMPONENT TRAITS OF LEAN TISSUE GROWI'H RATE AND LEAN 
TISSUE FEED CONVERSION 
DAll.YGAIN ADJUS1ED FEED:GAIN DAll. Y INTAKE 
INDEPENDENT VARIABLE BACKFAT 
LINE .001 .017 .065 .001 
SEX .001 .001 .001 .001 
I 
FARROWING GROUP (FG) .001 .. 001 I 1-
i 
DIET(FG) .001 .001 .234 .()15 
I 
UNE•SEX NS8 .072 
UNE•FG .001 .001 .015 .213 
LINE*DIET(FG) .004 .006 NS NS 




LINE•FG•SEX NS .063 !-




PROBABILITY LEVELS FOR THE INDEPENDENT VARIABLES IN THE MODEL FOR TIIB CARCASS TRAITS 
INDEPBNDBNT VARIABLE DAILY PROBED CARCASS LOIN BYE PBRCBNT LEAN CARCASS CUT- LENGTII 





LINB .002 .103 .016 .008 .576 .002 .746 .178 .429 
GBNBRA TION (GBN) .022 .002 .004 .001 .001 .022 .001 .174 .423 
FARROWING GROUP (FG) .001 .001 .001 .001 .001 .001 .001 .001 .001 
DIBT(GBN•FG) NS8 NS NS NS NS NS NS NS NS 
LINB•GBN NS NS NS NS NS NS NS NS NS 
LJNB•FG .001 .001 .001 .001 .001 .001 .005 .001 .001 
LINB•DIBT(GBN•FG) NS NS NS NS NS NS NS NS NS 
GBN•FG NS .063 .011 .024 NS NS .047 .045 .003 
LINB•GBN•FG NS NS NS NS NS NS NS NS NS 
















PROBABILITY LEVELS FOR THE INDEPENDENT VARIABLES IN THE MODEL FOR FIRST 
AND SECOND SERVICE CONCEPTION RATE 
INDEPBNDBNT VARIABLE FIRST SERVICE SECOND SERVICE 
CONCEPTION RATE CONCEPTION RATE 
LINE .740 .874 
GENERATION (GBN) .210 .197 
FARR.OWING GROUP (FG) .611 .797 
LJNB4'GEN NS• NS 
UNE•FG NS NS 
GENitFG NS NS 
UNE•FG•GEN NS NS 
8The probability level was >.20 in the full model and thus they were removed from the final ( uced) 
model. 
TABLE37 
PROBABILITY LEVELS FOR THE INDEPENDENT V ARIAB. LES IN THE MODEL TR 
· MOVEMENT AND S1RUCURE IN GENERATION FIVE 
. . . 
INDEPENDENT V ARIABLB MOVEMENT STRUCl"URE DAll. Y JAIN 
LINE ~ nn ~ 
SEX .140 .846 
FARR.OWING GROUP (FG) 364 .787 
UNE•SEX .474 .020 
LJNB4'FG .683 .031 
SEX•FG .341 .847 .41~ 
LINE•FG•SEX .119 . .060 .182 




PROBABILITY LEVELS FOR THE INDEPENDENT VARIABLES IN THE MODEL FOR 
TESTICULAR VOLUME AT 5 MONTHS AND OFF TEST IN GENERATION~ 
INDEPENDBNT VARIABLE . DAILY GAIN 
LINE .001 
FARROWING GROUP (FG) .208 
'I'aTICULAR VOLUME mTICULAR fOLUME 
ATS MONTIIS (c:m3) AT OFF'lliSJ (an3) 
.001 
.295 ~ 
~ ~ ~ ~ 
COV ARIA-ma .201 .2771 
aTbe covariale for volume at 5 months of age was age in days and for volume at off test was weight · 
brhe probability level was >.20 in the full model and thus they were removed from the final (reduced) 
model. · 
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